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PREFACE 

\  .  •  ■  ■  ■ 

The  Unified  Science  and  Mathematics  for  Elementary 
Schools  (tJSMES)  ^project  was  formed  in  response  td  the  rec--" 
ommendations  di  the  1967  Cambridge  Conference  on  the  Corre- 
lation of  Science  ^nd  Mathematics  in  thet-  Schools.*  Since 
its  irtcepxion  in  1970,  USMES  has  been  funded  by  the 
National  Science  Foundation  *to  develop  and  carry  out  imple-: 
mentation  trials  of  32  Interdisciplinary  emits  centered  on 
long-ranCge  investigations  of  real  and  practical  problems  , 
taken  from  the  local  school/cbmmunity  environment ♦  School 
planners  can  use  th^se  units 'to  design  a  flexible,  curric- 
ulum for  grades  one  through^  eight  in  which  real  problem 
solving  plays  an  important  role. 

The  development  and  trial  implementation ' work  is  car-> 
ried  an  by  classroom  teachers  with  the  assistance  of* 
university  specialista  at  ^workshops,  ai^  at  occasional 
meetings  during  the -year.    This  work  is  coordinated  byNa 
staff  at  the  Education  Development  Center  in  Newtdn, 
^lassachusetts.     In  addition,  the  staff  at  EDC  coordinates 
a  widespread  'implementation  program  involving  districts 
and  colleges;  which  are  carryl^ag  out  local  USMES  imple?- 
iKntation  programs  ^^or  teachers  and  schools  in  tj^eir  area. 

^  '  ,The  following  units  are  cui-rently  available  for  wide- 
spread implementation:'         '     "  a 

'    .   ^        ,  \  ' 
Protecting  Property  <Biirglar  Otientation 

Afarm  Design)  ^Traffic  Flow  ^ 

Pedestrian  Crossings-  Consumer  Research 

.     ^Lunch  Lines  '  ^  Soft. .Drink  Design  ^  ^ 

'     Play  Area*  Design  and  iJse  Manufacturing 

Describing  Peo^^le  '  Advertising  ; 

"^Designing  for  Himian  ?TOpor-  Classroom  Design 

■  '     tions  ^  School  Zoo 

Dice  Design  ^  Ways  to  Learn 

Weather  Predictions        -  Bicycle  Transportation 

Getting  There  Growing  Plants 

^  '  C|.assroom  Management         -  ^ 

SinpeUll  actlvitie^^  in  USMES  units  are  initiated  by. the 
students  in  response  to  a  long--range  challenge,  the^s^dent^ 
and  teachers  often  have  need  of  resource  materials;  USrffiS 
materials  provide  some  of  these  resources.    The  Design  Xab 


★See  Goal for  the  Cprrelation  o^-Eletnentary.  Science  and 
Mathematics,  Houghton  Mifflin  Co.,  Boston,  1969. 
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or  its  classroom  equivaleik  is  a  resource  for  students; 
using  the  tools  and  supplies  available,  children  can  follow 
through  on  their  ideas  by  constructing  measuring  tools, 
testing  apparatus,  models,  etc.  ,  The  '*How  To"  Cards  are- 
another  .resource  for  students.    Each  set  of  c^^ards  gives,  in- 
format ioxf  about  a  speftlfic  problem;  the  students  use  a  set« 
only  when  they  want  help  on  that  particular  problem. 

Several  types  of  resources  a^^  available  for  teachers: 
the  USMES  Guide,  a  Resource  Book  for  each  challenge,  Back- 
ground Papers,  and  a  Itesign  Lab  Manual.    A  comjUete  set  of 
all  these  written  materials  comprise  what  is  called  the 
USMES- library.    The  library^  which'  should  be  available  In  ^ 
each  school  using  USMES  units,  contains  the  following: 

1.  The  USMES  Guide 

The  USMES  Guide  is  a  compilation  of  materials 
which  may  be  used  for  long-range  planning  of  a 
curriculum  that  incorporates  the  USMES  prog^ra^i. 
In  addition  to  basic  ^Informaticni  about  the  pro- 
ject and  the  challenges,  it  contains  charts 
assessing  the  strengths  of  the  various  chal*-  ^ 
lenges  in  terms  of  their  possibly  math,  science^ 
social  science,  and  language  arts  coi|t^t. 

2.  Teacher  Resource  Books  for  each  challenge 
\^     Each  book  contains  , ^he  following  sections: 

A.  USMES  Philosophy— a  description  of  the 
^  USM^S  approach  ^o  real  pro\fi em-solving 

activities, 

B.  General  Papers — information  about  the 
partfcular  unit,.  • 

C.  Documentation — edited  logs  of  class 
actiyities, 

D.  References — other  written  materials 
*  relevant  to  <4^e  unit,  and 

Appendix — charts  which  indicate  the- skills, 
concepts  an^processes  which  may  be 
laari^4-  and  practiced  when  students  be- 
come^^gaged  in  certain  possible  activ- 
ities-?^ .  f 
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3.    Design  Lab  Manual 

Because  many  "hands-on^'  activities  may  take 
place  in  the  classroom,  the  Desigiv  Lab  Manual 
should  be  made  available  to  each  USMES  teacher. 


.  ^  It  contains  sfections  on  the  style  of  Design 
Lab  activities >  safety  .considerations,  and  ^ 
Inventory  of  tools  and  supplies.* 

4,  ^How  To"  Cards        ^  , 

These  short  sets  of  cards  provide  Information  to 
students  about  specific  prob-lems  that  ittay  arise 
during  USMES  units.    Solutions  for  particular 
computation  I  graphing  and  co^istructlon  problems 
are  explained.    A  complete  list  of. the  "How  To" 
Cards pcan  be  fbund  in  the  USMES  Guide. 

5.  Background  Papers  ' 

These  Background  Papers  are  written  to  proyide 
Information  for  the  teachers  on  technical  prdb- 
lemS  that  might  arise  as  students  carry  on  var- 
ious investigations.    As  USMES  units  are  devel- 
>  oped  and  student  responses  to  the  challenge 
become  known,  teachers  ex|Jress  the  need  for 
certain  kinds  of  background  information  not 
readily  accessible  elsewhere.    Background  pa- 
pers, are  also  wrltfen  which  dnclude  informa- 
tion about  the  t^pes  of  lnve!btlgations  which 
may  provide  good  opportunities^  for  learning 
in  specific  areas-    A  complete,  annotated 
list  of  Che  Background  Papers  can  be  found  In 
the  USMEff  Guide.  " 


The  preceding  materials  are  described  in  brief ^ in  the  > 
USMES  brochure,  which  can  be  used, by  teachers  and  admin^ 
istra^rs  to  disseminate  information  about  the  project  to 
the  local  community. v,  In  addition,  the  Curriculum  Correlar 
tion  Guide  is  presently  being  developed  and  preliminary 
sections  are>iavailable.     A  variety  of  other  dissemination 
and  implementation  materials  are  also,  available  for  indi- 
viduals and  groups  involved  In  local  implementation  pro- 
grams.   Preparing  People  for  US>lSS,  an  informational  and 
training  resource,  provides  information  on  -conducting  in-- 
service workshops  tor  teachers  to*  prepare  them  for  using 


*Because  Trl-Wall  was  the  most  ^^eadlly  available  brand  of 
three-layered  cardboard  at'  tMe  time^  thfe  project  began, 
USKES  has  useci  it  at  workshops  and  In  schools;  conse-  ^* 
quently,  references  to  Trl-Wall  can  be  found  throughout 
the  Teacher  Resource  Books.    There  are  several  other  brands 
of  three-:j.ayered  cardboard  available  and  the  addresses 'of 
the  companies  that  supply  three-layered  car^boatd  can  be 
found  in  the  Design  LaF^Manual.        -  ,/ 


USMES  in  the  classroom.  *  Written  materials  are  also  avail- 
able on  conducting  USMES  inf onaational  ^e^tlngs  and  Design 
Lab  inanager\ratning.- •  Other  matferials  /include  the  USMES 
slide/ tape  show,  videotapes  of  classroom  activitifi's,  a 
general  report  on  evaluation  results, , a  map  of  implementa- 
tion locations;  a  list  of  experienced  USMES  teachers  and 
unlversiTy  consultants,  and  newspaper  and  magazine  article 


/ 
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HOW  TO  LOyg  FRQGS 

by. . 

•  Abe  Fleater  » 


f       When  you  first  cqj,lect  frog  eggs  or  tadpoles  you  can  *tut  away  one 

*  '  j  .  .  . 

side  of  - a  milk  carton  and  use  this  as'  a  tank  for  the  f4.rpt  week  pr  two.  '/ 
M  t'^e'^tads  g^  larger,  they  wlll>need  a  larger  container..  Almost  ^ny- 

-  i     ■  .  '  '      ,   C  .  "  ^ 

thing  Willi  do:    aq^riai  'plastic  ^ish  pans,  efen  a  cardboard  box  lined 
with -sheet  plastic.  .  v  ,         V  • 


Food 


Taapoles  are  born  without  mouths  and  don't  eat  during  the  first  few 
weeks  of  life  (nourishment  comes  fronr  thte  yoXk  in  the  egg).  Until  the 

mouths  do  open,  a  sprig  of  any  healthy,  leafy  p^ant  will'provlde  some 

color  and,^  available  as  food  for  the  precocious  feeders.    When  the 
tads  have  started  to  make  mouths  and  begin  eating  (the  plant  will  look  ; 

tagged),  yoi*/may  fe^d  thenr  in  several  different  Ways: 

't 

t     1*      Put  one  or  two  food  pellets  of  the  kind  used  to  feed' mice  and  i 
gerbils  into^  th^  container  of  tads.    *Put  these  in  theV container  in/  ' 
th^  morning  but  remove  them  at  the  ejid  ojr  the  school  aay — ptherwisc 
^the  wafer  mpy  become  fouled.     Leave  one  pellet  for  the  weekend,  3 

2.  Pu,t  amt  or  two  square  i^che^  of  parboiled  lettuc^  in  the  con-- 
tainer  1t%  the  morning;  remove  at  night]*    Parboiled  lettuce  is  made 
by  dropping  bits  of  .l^irf^uce  Intp/boiling  water  and  cooking*  for  one 
to  two  minutes  (ONLY).     Parboiled  lettuce^  will  keep  in  the  refrig-^^ 
eiiator  for  two-three^days .  -t  "  > 

3.  Use  a  few  aquarium  plants  ffrom  a  pet  supply  storey  Elodea  is 
.  usually-  good);    TTIese  can  be  left  in  as  long,  as  they  continue  to 

'  l^ok^healthy  (green).  ^ 

'4.     As  the  tadpoles  get  oldkr  \they  appreciate  a  small  piege  of 
raw  meat  or  liver.  ,  Thi^s  should  be  removed  after  a  f^  hours. 
Tying  a  thread  to  the  meat  makes  removal  easy.  '  ** 
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Water  ^  --^^ 

Most  .tapwater  (including  "ag^d"  and  ^'treated*' .  tapwater)  will  kill  tad- 
poles  within  twenty-four  hours.    There  are  thr^tf  solutions: 

1.  Use  water  from  a' nearby  pond  if  one  is  nearby. 

2.  .Collect  rain  water,  unless  air  pollution -is  bad. 

•  •  ^         »  *  ' 

.3.    Hake  your  own  pond  water:    place. any  %fat^rifx^^  container  '  . 

(jar aquarium,  cardboard^box  lined  Vlth  sheet  plastic)  near  a 
window^  add  a  l"-2"  layer  of  good,  rich  soil;  add  tap  water  to 
*         cover  the  soil  to  a  depth  of  2^-3'*;  allow  to  sit  for  three-four 
days  with  occasional  light  stirring. 

Whatever  kind  of  water  you  use,  it  will' be  dTlf  Cerent  from  what  the      \  . 

•  ■        ,  *» 
tadpol^  are  used  to-     So,  add  water 'to  the  tank  gradually,  over  a  pe^riod 

^  '  '  '  N  ^  . 

of  days .    Ne^er  add^mpre  than  k  of  the  volume  <of  water  in  the  tank  at  one 

jt  *  * 

time.     Fortunately,  tadpoles  prefer  shallow,  (l'*-2")  water.     If  the  water 
in  the  tank  gets  murky,  you  can  remo^  the  gunk  ;Crom  the  bottom  with  a 
turkey  baster. , 

Even  with  the  best  of  care,  many  of  your  tads  will  die,.   Do  not  be 
alarmed;  this  is  why  the'  world  is  not  overrun  with  frogs.  The  death  of  a 
few  tads  might  be  a  lead-in  to  a  discussion -of  suoh , questions  as:    Why  do 
some  animals  lay  so  many  eggs  and^others  only  a  few?    What  would  happen  if 
all  eggs  survived  to  aciulthpod?*  Whenever  you  se§.  a  dead  tadpole,*  remfve  it 
with  a  spoon  or  turkey  barfter  and  discard  it  as  soon  as  possible. 

I^velopment  '    *  ^  -     '  . 

The  time  it  will  take  fro^  eggs  to  develop -into  tadpoleft  atid  the  tad- 
poles  into  frogs  depend?  on  many  4:hlngs.    Some  of  thelse  are:    the  kind  of  * 
frog,  the  temperature,,,  the  kind  and  amount  of  food.    It^  is  veryshard  to 
predict  or  control  development,  so  play  ^it  by  ear  and  be  very  patient. 


•  *  \lxi  .most  pa3es,  eggs  will'  hatc'h^  within-  2^  .to  6  days;  tads  v^ll^  develop 

mouths^  a£K>ut**2  tct  15  day^  affer.  hatqhi^iig;  rear,, legs^  usually ^  Appear  10  to  30 

days  after  thd  laouth;  f rcfnt*  Ifegs  appear  10-20  days  later  and  the  young  adults 

*  ■■'"'•■■.*'<••< 
begin    to  crawl  up  onto  land  shortly  thereafter. 

•     This  pattern  pf  ifev^lopraent  Involves  two  major  changes  lyilfe  style: 

Tadpoles        '  Frogs 

■* 

water  breathers      ^  '  aii;  breathers  /  , 

vegetarians  insect  eaters 

When  front  legs  appear,  be  sure' to  provide  a  place  for  the  baby 
frogs  to  get  out  of  the  water,  otherwise  ^hey  might  drown.    A  float- 
ing  bit  of  wood  or  a  floating  water  plant  could  provide  a  platform. 
Cover  the  aquarium  with  fine  mesh  screen  and  introduce  one  or  two 
fllss.    When- these  disappear »  begin  to  feed  the  ffogs  several  flies 

V 

at  a  titoe  and  figure  out  (by  fate  of  disappearance)  how  many  files 

%  '       ■  \ 

m 

to  feed  your  frogs  e^ch  day. 
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by  Abe  Flexer* 
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'*         Housefll^s  are  .very '^asy  to  "fear  in  the  classroom  and  may  be  put^ 
to  many  uses.     In.  the  School,  2oo' unit  they  may  be  used  as  food  for  maxiy 
treptiles  and  amimibians,.    Ply  cultured  are  clean,  odorless  and  require 

■T  ■  *  '      •      •    ^    ^    "  ■' 

lltt-Xe  attention  or  specialized  equipment.    The  life  cycle  takes  about 
16  days  (egg--ty-egg)  and  involves  four  easily  observed  sf:ages  (egg, 
maggot,  cocoon  and  acfult):  ♦  /  - 


5  days 


EGGS 


12  hc^urs 


ADUf^TS 


6-7  days 


COCOONS 


dAGGOXS 


Starting  a  Colony 


/       The  easiest  way  to  start  your  own  breedflng  colony  is  to  order  spine 

houseflies  from  a  biological  supply  house Caroling  Biologicai  %pply^ 

sells  150  cocoons  for  $2.50  (their  catalog  number  L932)  and  other  houses 

have  similar  listings.    You  may  also  start  a  colony  with  flles-that  you 

collect  yourself.    The  fly  accumulator  suggested  below,  if  carefully 

Ipwered  over  an^  unwary  fly,  will  be  su;*prisingly  effective.    A  note  of 

*  <« 

warning:    flies  collected  from  nature  often  produce  far  more  females 


*    Based  on  two  Articles  by  Paul  D.  Merrick:    Fly  Culturlng,  Scieijce 

'and  Children,  4  (8),- May,  1967;  yhe.Fly  Cycll.'  WIMSA,  -Webster  College, 
Webster  Groves,  Mo.,  Feb.,  1968^  ' 
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than  males,  in  some  cases,  there  will  be  only  102  males  --  and^t^ 
'  •  ^  /  ♦  *     i    .  .  •>  >  .  , 

...  propprtlon  Is  iiilj&rited  pom  generation  to  generation.     If  you 

/^want  the  flies' only  for  food,  pay. no  attention  to  t^ls  shortage 

/of  males.  Female  files  will  taste  as  goe?d  as  males.-  " 


i 


I- 


small  bottle 


paper  cone  taped. to  jar 

fly 


FLy  cages  may  be  made  by  using  a  rubber 'band  to  attach  the  wid^ 
'    end  of  a  nylon  stocking  to  t^  raouth  of  a  wide-mouth  gallon;' jar .  '  / 
.  Such  jars  are  usually  discarded  by  school  cafeterias  in  large  numbers. 

If  th#'jar  u^ed  for  the*  cage  Is  cylindrical ,  it  should  be  taped' or  tied 
^to  a  board^or  blocks  of  wood  to  prevent  rolling.    Access,  to  the  inter- 
ior is  through  the.  cut-away  toe  of  the  stocking;  at  other  ^imes,  flies 
are  kept  in  the  cage  by  knotting  the  toe  of  the  stocking.^. 

Adultr  fXles  will  live  for  3-4  weeks  if  provided  wift?  some  dry,^ 
powdered'' mi  Ik  and  a  source  oi  water.  .  These  sltould  be  provided  In 
separate  containers  inside  the  cage. 

n  to/mate  2    or  3  days  after  they  emerge  from  the 


Adult  -flies  begi 


ERIC 


i5 


B2 

cocoonfii.j   By  vthe  f Ifta  day  after  emer^ln^,  -females  fbafe  ha^e  pated 

will ^^g^n  to  Hepo^sit  egg^«  *y  He;re  i©  a  convenient  yay  to  collect 

^    ,  ^-  '        ^"^^  '  .'"^   '        '  •    /  , 

eggs.    Fill  a  paper  or  plastic  cu\)  (1'*  deep  X  1  1/2  -  2"  across)  , 

loosely  with  bran  flakes.  ,  Add^to  this  axi  Wbunt  of  diluted  ml^lk 

-  ^  '    '  ^       *    ^  ^         ■     ^  ' 

(1  part  unsweetened,  cannecl  milk  +  4^  pdrts  watler)  that  wqUld  h^lf—  • 

fill  the  cup.    Mix  we^.    Plac^i.one  ot  more  of  these  egg-cups  in  a 

cage  of  adult  flies  until  you  think  some  eggs  have^been  deposited  » 

(20  min.  -  1  hr).     Remove  the  egg-cup  from  the  cage  and  search  just  under 

neath  the  surface  for^  the  eggs  whic^  are  tiny,  pa'le,  cigar-shaped 

objects.    A  cage  of  15-20  mat^d  females  may  produce  as  many  as  .^DOO 

eggs  per  ^sitting;  a  single  mated  female  will  lay  60O-800  eggs  over 

Si  3-4  week  period.  -  ,  , 

To  maintain  a  continual  supply  of  new  adult^,  collect  ^ggs .to 
begin. a  new  culture  every  week  or  ten  days*  ^ggf  can  be  collected 
every  day  if  a  large  number  are  needed'^as  a  food  source.    ^  •  ^ 

There  are  "^4©  approaches  to  raising  ^ha  eggs  to  the  Adult  ^t^ge. 

plate  method  is  a  little  trickier  to  set  up  but  is/jnore  relia^e. 

/  I. 

method  is  easier  to  set  up  but  Is  less  reliable.  Have  your 
students  compare  the  two  methods  to  determine  vjbich  is  more  conven-- 
lent  in  your  cllssroom. 

Jar  Method  / 

Get  a. short,  wide  container  that  you  can  see  through:    jats  from 
peanut  butter,  cocktail  herring,  or  even  a  short  hlghba>i  gla^s.  Any 

transparent  container  will  do  as  a  mag^Qt  1ar  as  lonj^^^it  fits  through 
the  stocking  that  covers  the  opening  of  the  fly  cage.     Place  a  plas- 
tic- bag  inside  the  maggot  jar,  mouth  up;  the  bag  should  not  reach  more 
than  3/4  of  the  way  up  the  side  of  the  jar.    Add  enough  of  the  bra»/ 


diluted'  milk  mixture  to  the  ba^  to  fill  it  nearly  full.  '  Transfer  sev- 
€ral.  handf ed  eggs  from  an  egg  cup  to  the  surface  of  the  medium.  Cover 

r  '  /   •  ■■  ^  ' 

the  mouth  af         jar  with  a  few  layers'of  paper  towels  »held  .in  place  • 

^  ^  .  .1 

with  a  rubber  band.    Place  the  jar  in  a  ^aded  spot  away  from  all -heat 

source^.  '  • 

The  eggs  will  hatch  within  12  hours  or  so  to  form  tiny  maggots. 
These  will  mov^' about,  feed  and  grow  to  full  size  over  a  period  of 
4  to  5  days.  .  Do  not  worry  If  at  first  yoa  can't  see  the  young  maggots, 
as  they  tend  to  avoid  light  and  remain  under  the  medium.    When  the  • 
maggots  have  jeached  full  size,  they  will  crawl  up  out  of  the  medium 
and  over  the  edge  of  the, bag  seeking  a  dry  place  in  which  to  build 
cocoons.    Wrinkles  in  the  plastic  ba&  will  form  spaces  between  the  bag 
and  the  wall  of  the  maggot  jar.    The  maggots  ^11  accumulate  in  these 
spaces  where  the  entire  process  of  cocOon-buildlng  will  be  easily  ob- 

served.  '  .  , 

The  cocoorlS  will  hatch  In  6  .to  7  days  at  which  time  the  adults 

» 

should  be  transferred  to  the  fly  cage.    Push  the  maggot  jar  through 
the  stocking  and  into  the  cage,  pop  off  the  rubber  band  and  paper  towels 
and  allow  the  adults  to  escape  over*a  several  hour  period.  Later, 
resiove  jar,  towels  and  rubber  band.    Alternatively,  the  cocoons  may  be 
removed  from  the  maggot  Jar  by  hand  and  placed  In  a  terrarlum  where 
they  will  hatch  and  become  food  for  whatever  is  in  the  terrarlum. 
Remember  to  reserve  9  few  cocoons  to^start'the  next  generation.  It 
should  be  possible  to  store  nevr  cocoons  in  \  refrigerator  for  several 
weeks  If  you  want  tp* 


X 

4 


— r—  - 


Play  Method*  ^  '  ^'    ,  ' 


*^Flies  seem  to  have  little  trouble  perpetuating  themselves  in 
nature;  hv^t  the  laboratory  culture  of  larvae  (maggots)  fan  be.subjedt 
to  80in§  complication^.    Molds  are 'the  biggest  problem. .  .We  .have  devel- 
oped,     technique  which  is  almost  foolproof.    A  deep  plastic  petrl 
plate  tlOOmm  X  20nim)  is  filled  loosely  ftitl^  the  bran-milk  mixture. 

i 

100-150  eggs  are"  inoculated  (and)' the  plate  is  then  covered  with  the 
*Lid.  '  For  best  results,  the  air  spa^e  between  lid  and  medium  should 

be  very  small.    Molds  require  a  rich  air  supply  for  gpod  growth,  while 

[  .       -  '  •  i 

fly  larvae  do/Vfry  well  in  "alr^'  of  low  oxygen  conrent.    But  the 

.     ■  '      i  . 

larvae  require  some  oxygen,  however,  an3  one  has  to  be  careful  that  a 

'water  seal  (from  condensation)  does  not  form  around  the  inside  of  the 

.lid.     If  this  happens ,  the 'larvae    come  to  the  surface  and  die..... 

-    ...The  larvae  (in  a  healthy  cultufe)  are  almost  always  there 

(iust  below  the  surface)  just  avoiding  li^hti. 

•  ■  I 

...There  are  many  subtle  factors  which  affect  larval  cultures. 

If  too  raiany  eggs  are  us^d,  C°^ny)  larvae  will  leave  the  culture.... 

On  the  other  hand,  if  too  few  eggs  are  put  in,...  the  cultures  will 

often  be  blank.    Too  high  a  4:emperature  slows  down  the  development  of 

the  culture.    The  best  "rule  of  thumb"  is  to  place  the  culture>^ay 

from  any  cold  spot  and  lift  the  cover  off  periodically... 

-  ■  . 

.Just  before  the  onset  of  (cocoon-building)  the  fat 'maggots 
stop^  feeding  and  move  "endlessly"  around  the" periphery  of  the  culture 


*    Exerpted  from  Fly  CultuVlUg  by  Paul  D.  Merrick.  Reproduced  with  per 

mission  from  Science  and  Children,  March,  1971.  Copyright  1971  by 

the  National  Science  Teachers  Association,  1201  Sixteenth  Street,  N. 
W. ,  Washington,  D.C.  20036.. 


^8 


'  plat*. Abbut  the  fourth  day  after  egg  Inoculation,  we  set  the  petrl 

dish  it!  a' larger  bowl  or  plastic  container  and  remove  the-  lid:  As 

V        .       .  -  y  - 

soon  as  they  have  .the  "urge",  "^he  maggots  crawl  over  the  e4ge  of^  the  . 

"  '    «  * 

petri  plate  and  drop  to  the  floor  of  the  bow^  where  they* form  (tocoons). 
•  N   ■'       .     .   ^  ;    .  • 

,•    It  is  a  good  Idea  to  put  sometljitog  between  the  bottbm  of, ^the"  petri  . 

Plate  and  the  bowl.    Otherwise,  the  ^nerget^c  maggots  "burrow"  between 
•  .         •  ■    ■  ■  ^ 

■  the  plate  and  bowl  and  "make  coc'oons".     If  the  maggots  are  permitted 

to  (make  cocoons)  under  the  plate,  the  (cocoons)  are  apt  to  be  flattened 

'  ■      /■  .  ■  • 

And  produce  few  fllejs.  '  ."^ 


■/ 


•■/ 
/, 


0 


.  ■  "  ■ 
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.  "  *     ^  IDENTlifYING  0SGAN1,SMS 

—  by  Abe  FleJcer  . 


As-yonx  students  collect  plants  and  animals  for  classroom 
activities,  the  need  to "identify  what  they  collect  may  arise.  For 
example,  identifying  a  plant ,.or  animal  makes  it  easier  to  do  library 
research  on  how  t©  grow  and  maintain  the  organism,  to  learn  about  its 
life  cycle,  *etc.     Such  ideutM ications  can  be  made  through  the  use 
of  various  keys  and  field  guides. 

Keys  cpme  in  many  different  levels  of  cc^mplexity  and  sophis- 
ti-tff^tion.  'Most  differences  concern  the  auKJunt  of  technical  vocabu-- 
lary  used  in  stating  the  questions-,  the  rmxge  of  organisms  covered, 
and  the  precision^ with  wHlctr-»f«cimens  are  identified.    For  the  pur- 
poses of  most  classroom  activities,  the  Golden  Nature  Guides  (Golden 
Press,  New  York,  available  at  .nmst  book  stores)  will  be  nrare  than  . 
adequate.    In  addition  to  simple  but  accurate  keys  that  use  lots  of 
pictures,  each  booklet  contains  a  few  pages  about  whfen  and  how  to 
.  collect 'the  organisms  covered  by  the  key,  hints  on  ho\?  to  maintain 
•them  in  cap*tvity,  their  natural  history,  and' their  distribution  in 
•  the  continental  U.S.    At  about  $1.50  per  copy  (paperbo^nd)  they 
are  excellent  values.     Some  titles  from  the  series:    Birds;  Tr^es; 
Mammals;  Flowers;*  Insects; " Butterflies  and  Moths;  Gamebirds;  Fishes; 
Reptiles  and  Amphibians;  Non-Flowering  Plants  (alga?,  ^ungi,  mosses, 
ferns);  The  Southeast;  The  Southwest;  The  Pacific  Northwest;  The 
Rocky  Mountains;  Seashores;  Pond  Life;  Zoology";' Zoo  Animals;  Spiders. 
These  can  be  supTJiemented  with  keys  and  guides  made  by  local 

*  • 
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^  . .  ...  •  >« 


natt^^al^sts  for  the  plants  and^ animals  of  .yoifr  regit)n.  *  Such  lopal 
or  regional  giiides"  an(J  keys,  availably  through  branches  of.the  Apdubon- 
Society,  Sierra  Club,  , or  through ^the  nelirest  tnuseum  of  natural  hiB-- 
tory,'are  usually  "inexpensive  (ofjten  free  to*  school/sX,*  simple^  to  use, 
and  4.oaded  with  illustrations.    Best  of. all,  these  will  giye  you 
some  idea  ak  What  to  l^ok  for  in  your  local'  area  —  and  when. 

How  to  Use  a  Key  '  * 

Keys  atld  field  guides  consist  of  series' of  questions  about  a 


^  specimen  Which,  if  corre^ly  answered,  vill  identify  the  speciiaen  ^ 
with  a  coimon  name  and  a  scientific  name.    The  latter  Is  Information  ^ 


sometijjaes  needed  to  conduct  a  library  study-;  the'  former  is  usually 

a  more  convenient/ label  for  daily  use.    The  questions  usually  come 

in  pairs:    1/1',  2/2',  etc.;  la/lb,  2a/'2b.  etc.  ;  A/AA,  B/BB,  etc. 

The  quQstiofi^  in*a  pair  usually  describe  mutually  ^exclusive  cate-- 

gorles  and  each  question  sends  you  to  a  different  part  of  the  rest 

of  the  key.     For  example:  ^ 

la.     Animal  ihas  four  or  fewer  legs  go  to  2    '  , 

lb.     Animal  has  more  than  four  legs.   •  .    .  T  .  go  to  6 

2a.   -Ani^l  has  ||ur  legs;  .  .  go  to  3 

2b.     Ani^ial  has  t^  legs  .*  ^.   .   •   •   ,  go  to  5 

As  you  progress  through  t^he  key^  the  questions  become  more  and  more 

speVific.     Eventually,  one  of  th(^  questions  will  yield  a  specific 

idejjfxif  icat  ion . 

Here,  for  example,  is  an  artificial  key  constructed  for  an  arbi- 
trary collection  of  the  following  11  organisms: 

ant  gerbil  ^       cactus  cat 

housefly  oak  tree  '       horse  dandeli 

,  pine  tree    •  spider  ,  -  geranium 

^1 


■   ^- - 

Pretend  that  you  have  a  specimen  of  one  ot  these        front  of  you 
mitd  that  you  don' e  know  whatsit  is.    Wgrk  througbr  the  key,  step-b^-^ 
step  -until,  you*  coto^to  the  *name  ofc  the  specimen.    Do  this  a  f§w  times 
with  different  selections  fro^  the  list  above  until^ ^ou  see  how  the^- 
key  wj^rks!^  - 


la.  Obviously  a,  plant   .  .  ".  go  to  7  ^ 

.  lb.  Obviously  an  animal  .  .  .   .  .  .  •  .      •   •  go  to  2 

2a.  Has  ohly  4  legs  ^ 

2b.  Has  6  or  8  legs   5 

'  3a.  Has  fur  and  claws.   -  ».4 

3b.  Has  Bsane  and  hooves  •  HORSE 

4a..  Small' and  rat-like;,  fixed  claws  GERBIL 

4b.  Larger-,  with  canine  teeth  and  retractable 

V  c  laws  '  


5a.  Has  6  legs.   .  .  .  .   ,  ^ 

5b.  Has  8  legs.  ^-  •   -SPIDER         ^  . 

'  6a.  Has  pinching  jaws,  no  wln&s  .   .  .  .  .  .   •   •  s  ANT 

6b.  Has  wings  and  large;^eye3  •  .HOUSEFLY* 

7a.  Large  and  woody  •  ^ 

•  7b.  Small  and  lea^   ^  H 


8a.     Produces  leaves  and  acoVns  TREE 

8b.     Produces  needles  and  cones.   .   .   .'.   .'  .  PINE  TREE 

9a.  Stem  fleshy;  without  leaves;  many  spines.  .CACTUS 
gb.     Stem  not  flashy;  many  leaves.   .  ,  .  .   •      •  •  -10 

*  10a.    Leaf  surface  fuzzy;  red  flowers  GERANIUM 

10b.    Leaf  surface  smooth;  yellow  flowers  .  ..DANDELION 

C 

^his  is  a  simple  and  not-tqo-ef f icient  key  (there  could  have 
been  fewer  questions^.     Notice  that  in  several  cases  the  two  questions 
in  a  pair  are  not  exact  oppo^tes:    3^  4,  6.    This  was  possible  be- 
cause the  key  dealt  wi;fh  only  a  limited  number  of  choices.    This  will 
often  Be  true  of  even  the  most  sophist  it ated  keys  —  not  all  conceiv- 
able possibilities  actually  exist.  ^  .       •  , 


.  1 
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kLvs  really  define  smaller  and  smaller  sub-'Sets  of  the  set.  of  all 
*  ]Slants,  or  the  fet       all  trees,  or  tha  set  of  all  pink  flowers,  .  f 


Here  ls»a  ^ji^S^®^  that  shows  how  the  key  given  above  works:  ,  * 


ELEVEN  ORGANISMS, 


7a. 


*a  r 


la.  lb. 


OAK  PINE 
TREE  TREE 


7b. 


^9a.l  9b 


4ai  I  ^ 


CACTUS    GERANIUM    DANDE-  GERBIL    CAT    HORSE    ANT    HOUSE-  SPIDER 

LION  .  •         FLY  ' 


1^' 


f 
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HINTS  FOR  GRoflNS  PLANTS 
by  Jay  E.  .Anderson  ' 


A  green 'plant  can  be  thought  of  aS  natye's  factory.  A^number 
of  raw  materials  go  in,  foods  ar^  manufactured,  and  some  by-prodacts 
are  given  off.    The  basic  ideas,  which  we  shall  consider  briefly  here, 
are  really  quite  easy  to  understand.     But,  it  is  humbling  to  note  that 
scientists  still  do  not  fully  understand  all  of  th^ intricate  details 
of  the  Ejanufacturing  process.    Thft  prospects  ofc.  man  duplicating  the 
food-malcing  procd^s  of  green  plants  still  lies  in  the  distant  future. 


Perljaps  you  remember  studying  the  equation 

_  ^  Chlorophyll 
Carbon  dioxide  +  Water  +  Light 


^  Sugar  +  Oxygen 


(energy) 

If  your  classes  were  anything  like  mine,  you  no  doubt  spent  more  time 

trying  to  balance  the  equation  than  considering  Its  significance. 

l^e  basic  raw,  materials  are  carbon  dioxide  (CO2)  and  water  (H2O). 

Plants  absorb  .carbon  dioxide  from  the  air,  and  take  in  water  from 

the  soil  through  thelj  Foots.    The  ene:5?^y  for  the  manufacturing 

process  comes  from  light.     Sunlight  (or  light  fr6m  an  artificial 

I.  • 

source)  is  tr^^pped  by  the  ^reen  substance,  chlorophyll,'  in  the  leaves. 
The  trapped  energy  is  then  used' to-drive  a  whole  series  of  chemical 
reactions  that  result  in  the  production  of  simple  sug-ars  (for  example, 
glucose,  Some  of  the  energy  is  stored  as  chemiBal  energy 

in  the  Sugar-s,  and  this  energy  can  be  released  and  used  later  when 
the  sugars  are  burned  (by  the  plant  or  by  an  animal  that  has  eaten  it) 


ft 
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'  In  addition  to  simple  sugars,  plants  manufacture  a  large     '  ,  .  ^ 

variety  of  other  substances.    Usi,ng  nutrients  such  as  nitrogen  and 

'     .1  1^    *  •,  ■  ' 

phosphorous  compounds  and  various  .minerals  lilce  calcium*  and  potassium, 

they  make  proteins,  fats',  vitamins,  enzyme^,  aad^chlofophyll.  These, 

'    too,  are  all  made  using  the  sun's  energy,  but  herein 'lies  another. 

•    common  misconception:    Pecwjle  often  have  thfe  ^dea  that  plants  don't 

■  -  \  ■  ■        .    :  '  %        '  .  ■     -  ■ 

use  any  food.    However,  they  bum  £ood  and.  use "pnergy  (respiration)  just 
as  We  do.        In-order  to  manufacture  all  of  the* substances  needed  for 

growth    and  to  transport  materials  around,  reproduce,  and  so  on,  plants 

J  *  ■ 

/  use. some  of  the  energy  they  have  stored  in  sugars  or  starch. 

.Soil  • .  .  , 

In  addition  to  anchoring  the  plant  and  supplying  some  16  to  18 
different  chemicals  needed  for  plant  growth,  the^soil  also  must  be 
capable  of  holddttg  water  fbp-the  plant.     However,  water  must  not  be 
.allowed  to  stand  in  the  spaces  between  the  soil  particles  since  this 
will  prevent  air  circulation  and  deprive  the  plant's  root  syslem  of 
oxygen.    Thus,  for  most  common  plants,  the  soil  must  provide  both 

drainage  and  porosity. 

J*  ^  •  ^>  ,>  ^ 

'        Natural  top  soill  form  complex ^physical  structures  that  enhance 

their  porosi^^j'^d  drainage.     Howevet,  most  natural  soils  are  too 

"heavy"  because  of  high  clay  content  or  a  lack  of  organic  matter  to' 

be  good  for  raising  plants  indoors  in  pots  or  other  small  ©containers. 

Most  soils  often  become  very  compacted  and  almost  impermeable  when 

used  in  pots.    Unless  your  clastf  has  access  to  an%xceptlonally  good 

quality  loam  soil  having  a  high  organic  content,  you  must  either  use- 

a  commercially  prepared  potting  soil  or  prepare  your  own. 
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."^e  sin^jlest  solution  is  to  ustf  a  cdnaaercial  poT:ting  soil/  ' 

ft  .  »  • 

Many  brands  are  avall^le,  but  many  are  also  unsatisfactory  because 

^th6y  are  about  99%  peat  moss.    I  hlg^hly  recommendf"Baccto"  brand. 
I  have  used  it  for  A  number  Of  years  in  my  research,  and  have  had 
excellent  results  growing  a  large  variety  of  plants.  ,  ''Baccto*'  ' 
seems  to  be  of  consistent  quality,  bag  after  bag,  and  is  available 
In  most  parts  of  tn^'  United  States,    *'Pot  of  Gold"  brand  seems  to 
be  of  about  the  same  qyality  as  "Baccto".    The  current' (summer  1975)* 

^"j?ice  for  these  brands  Is  $3.99  per  50  lb.  bag.    Smaller  ^amounts,  are- 
much  mo?:e  expensive  per  pound.    A  couple  of  50  lb.  bags  will  go  a 
long  ways  in  a  o^^ssroom.  *  ^  .  '* 

A  good  potting^  soil  can  be  prepared  by  mixing  top  soil,  peat 
moss,  and  sand  in  equal  portions  by  volume.    Peat  moss  Is  the  bre^k-* 
down  product  of  sphagnum  moss,  which  grows  in  awasqiy  areas  of  northern 
forests  (sphagnum  i)ogs).    Peat  moss  wlJ^l  hold  about  twenty  times  its 
weight  in  water  and,  at  the  same  time,  will  serve  to  increase  the^ 
porosity  of  «he  soil »and  keep  it  from  compacting.    Sand  also .increases 
porosity  and  improved  drainage.    Any  sand  wl^JL  do^  but  that  colJ.ect;ed 
from  roiadsldes  may  have  a  high  salt  content  thatV  could  be  toxic  to 
plapts.    Rinsing  the  san^  thoroughly  with  water  several  times  In 
a  large  bucket,  a  tub,  or  a  wheelbarrow  should  prevent  any  problems. 

If  the  top  soil  is  quite  high  in  clay  (when,  wetted,  it  will  .^/^ 
readily  form  a  ball  and  be  molded),  you  should  also  add  perllte* 
Perlite  is  a  quarried  volcanic  stone  th^  helps  to  increase  poro§ity 
and  preveiit  compacting.    In  this  case,  mix  equal  volumes  of  top 
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soil,  sand,  peat  moss,  and  perllte  to  make  your  potting  soil. 

Peat  laoss  and  perllte  are  relatively  Inexpensive  when  pur- 
chased*  in  bulk.    Peat  bkjss  is  readily  available  at  supermarkets 
or  discount  stores,  but  you  may  have  to  go  to  a  nursery  or  green- 
house  to  purchase  perllte  in  bulk. '  Current  prices  for  four  cubic 
feet  of  each  is  about  $7  for  peat  moss  and  $5  for  perlite.  . 

Perllte  contains  fluoride  that  will  cause  "burning"  of  a  f 
plants  including  palms,  cane  plants  (Dracaena)  and  a  few  oth«i- 
members  o£  the  lily  family.    This  Is  not  likely  to  be  a  problan  for 
most  plants  that  students  will  choose  to  raise,-  but  if  it  should- 
arise,  fir  bark,  which  is  also  available  commercially,  is  a  ^ood 
substitute. 

Vermlcullte  should  not  be  used  to  prepare  potting  soil  (contrary 
to  suggestions  foui?jd  in  many  source  books),   at  tends  to  cl6g  and 
-^compact  the  soil  and  results  in  waterlogging  which  is  exactly  the 
problem  you  are.  trying  to  overcome'.    Vermlcullte  may  also  harbor 
bacteria  and  fungi  that  will  be  harmful  to  platit  growth. 

Beware  of  the  so-called  >5oil  substitutes",  which  are  advertised 
to  do  everything  that  a  soil  does  and  then  some.    Most  of  these  are 
vermlculite-based  and  beqome  too  compacted  and  watertogged  in  use. 
There  really  isn't  a  substitute  for'good  soil  without  going  to 
elaborate,  sophisticated  aerated  nutrient  solutions  (hydxoponic 
.culture). 

If,  in  response  to  the  challenge,  your  students  suggest  testing 
.different  kinds  of  Jf^tl  in  an  effort  to  see  if  some  are  better,  than^ 
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Others,  by  all  means  encourage  them  to  do.  so.*    Students  may  need 
patient  help  in  understanding  the  need  to  keep  other  condition^ 

i 

constant  if  they  are  to  compare  different  soils*    That  i8„  the, 

plants,  containers,  lighting,  watering,  fertilizing,  etc.,  all 

*  ' 

have  to  be  the  same  to.  compare  tTie  effects  of  different  soils 
on  the  plants^  growth. 

Pots  and  Qther  Containers  ,  .  ' 

The  best  single  container  for  growing  plants  is  the  red  clay 

pot.     It  is  porous,  which  allows  air  to  diffuse  into  the  soil. 

■  I-  *  ^         ■  ■ 

,Also,  water  diffuses  out,  helping  to  prevent  overwatering.  Clay 

pots 'should  not  be  painted,^  glazed^  or  varnished  because^this 

destroys  their  porosity  and  produces  the  equivalent  of  a  plastic 

pot. 

Clay  pots  are  expensive,  especially' if ^urchas^d  retail. 

»  » 

Ikiyever,  a  school  should  be  able  to  buy  them  wholesale,  and  if 
there  Is  a  clay,  works  in  the  vlciaity  where  they  are  manufactured , 
you  should  be  able  to  obtain  them  from  the  factory  at  a  reasonable 
price.    The  current  factory  price  in  Denver ^Is  $8. BO  per  hundred 
for  four  inch  pota  and  $12.50  per' hundred  for  the  six  inch  size. 
That's  about  one-fifth  of  the  local  retail  price! 

I|  your  class  is  raising  large  numbers  of  plants  for,  sale, 
gifts,  or  transplanting,  it  i^f  certainly  not  necessary  to  use  clay 
pots.    Plastic  pots  are  usually  less  expensive  than  the  clay  ones, 
but  offer  only  aesthetic  advantages  over  the  suggestions  that  follow 
The  bottom  three  to  fpur  inches' of  quart,  pint,  or  half  pint  milk 
cartons  will  work  fine.    Other  alternatives  include  frozen  ^Tilce, 
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containers,  various  shades  and  sizes  of  plastic  ju^,  and  styro- 
foam  or  p^per  cups.    With  all  of  these  it  is  critical  that  holes 


be  punched  in  the  bottoms  tp  provide  drainage.    Tin  cans  are  not 
good  because  they  rust  and  stain  any  objects  upon  which  they 
are  placed.  ,  ^ 

-  Half  gallon  milk  cartons  or  slmiUrly  sized  plastic  containers 
can  be  halved  lengthwise  to  make  planters  for  several  plants.  A  ^ 
great  idea  for  starting  plants  in  classrooms  was  published  recently 

in  Heloise'vs  newspaper  column^  submitted  by  Carol,  age  ^2: 

.  -        )       "  '  .  /  ^ 

"...Take  a  styrofoam  egg  carton  and  cut  the  11^  apart 
from  the  bottom.    Poke  a  hole  in  the  bottom  o<' each  cup 
for  drainage  and  fill  each  section  with  dirt  or  potting 
^  soijL  and  plant  the  seeds.    The  top  of  the  carton  can  be 

used  on  the  bottom  to  catch  the  drainage. 

When  they  are  ready  to  be  transplanted,  just  push  the 
bottom  of  the  cups. and  the  plants  will  pop  right  out 
"without  breaking  any  roots." 
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Planting  and  Watering  •        .  / 

When  planting  in  any  type  of  container,  first  insure  adequate 
drainage.    Use  c^ips  from  broken  pots  or  small,  flat  rocks  to  loos^iy^, 
cover  holes  in  the,  bottoms  of  the  .containers.    This  will  prevetit  the' 
soil  from  compacting  in  the  hole  dnd  clogging  it.     If  yoAi're  using 
some  of  the  alternatives  to  'coHmiercial  pots',  such  as  those  described 
^n  the  previous  section,  punch' holes  about  the  diameter  of  a  pencil 
in  the  bottoms  and  cover  the  holes  as  above.    ^  not  pvit  sand,  gravel, 
charcoal,  t>eat,  marbles,  or  the  like  in  th^  container.    Besides  being 
unnecessary,  these  waste  valuable  soil  space.  , 

Add  so|l  as  necessary  depending  upon  whether  you  are  planting 
i^seeds  or  transplanting.     In  either  case,  leave  enough. space  at  the 
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top  of  the  container  so  that  when  you  water  you  c^p  add  enough  water 
that  it  will  drain  clear  through  the  .^oil.    This  means  leaving  at 
least  one-half  inch  of  space  at  the  top  of  small  containers  (three 
to  four  inches  in  diameter),  about  an  inch^in  slj^inch  diameter  ^ 
containers,  and  so  on.    This  is  critical  to  keep  »alts  from  building 
up  to  toxic  concentrations  within  the  soil,  ancj^also  insi^res  thorough, 

watering.  ^  .  / 

Finally,  be  sure  that  draina^  is  not  impalre^.by  a  saucer  or 
tray  placed  under  the  plant  contalners^fo  catch  e^xcess  water.  If 
saucers  tor  trays  are  ^ed.  fill  them  with  gravel  to  ^  depth. about  ^ 
equal  to  thei^own  depth  and  then  «et  the  plant  container^  on  the 
gravel.    This  way,  excess  water  can  stand  in  the  gravelljf  bottom 
without  toudklng  the  plant's  roots  and .waterlogging  them.  ^  ^ 

Although  many  plants  can^l^  watered  dally  as  long  as  the/ 
containers  have  good  drainage,  more  plants  are,  probablj^  harmed  by 
overwaterlng  than  underwat^ring.    Plants  are  laore  likely  to  recover 
froai  a  mild  wilting  than  from  root  rot.^  As  a  rule  of  thumb,  if 
the  t^p  half-incyjf  soil  feels  moist^^n't  water.    When  it  begins 
to  ^ry,  water  thoroughly, . insuring  that  water  drains  out  the  bottom 
of  the  container.    The  soil  in  small  containers  can  dry  out  rapidly, 
and  should  be  thoroughly  watered  before  weekends .  (see  ttie  section 
"Classribom  .Greenhopses"  for  suggestions  on  how  to  keep  plants  from  , 
drying'  out  over  long  weekends). 

\l  do  not  recommend  using  wicks  for  watering.  ^  They  often  do  not 
adequately  wet  the  entire  soil  bulk  in  the  contaAier,  and  they  do 
not  allow  rinsing  of  toxic  salts  from  the  soil. 


If  your  students'  plants  should  wilt  severely,  encourage  the  f 
Students  to  rewater  them  and  wait  a  week  or  so  to  see  if  they  might 
recover..  Often,  wilting  will  kill  the  leaves  but  not  the  plant, 
and  new  leaves  will  begin  to  sprout  within  a  week  or  two. 


Fertilizer  '  * 

r  . 

If  your  class  is  usiiig  a  gpod  qi^lty  soil,,  it  should  be   ^  ^ 
unnecessary  to  fertilize  for  the  first  four  to  six  weeks .  -Then 
one  of  the  numerous  commercial  "plant  foods"  can\^  used  according 
.to  the  Manufacturer's  directiojis.    Most  of  the  commercial  fertilizers 
supply  only  the  three  major  elements  that  plants  need:  nitrogen, 
phosphorous,  and  potassium.    If  the  plants  will  be  grown  indoors  in 
the  same  soil  'for  extended  periods  (more*  than  tw  or  three  months) , 
it  is  important  to  use  a  fertilizer  th4t  also  supplies  the  elements 
tjiat  plants  need  in  tiny  amounts,  the  "trace  elei^nts".  "Mitacl- 
Gro",  a  product  of  iStern's  Nurseries,  Geneva,  New  York,  is  the  only 
brand  I  have  found  that  supplies  the  trace  elements.     It  is  generally 
available  in  plant  shops,  supermarkets , \and  hardware  stores^; 

•  Some  studeiits  may  be  concerned  about  "organic"  ways  of  growing 
plants,  and,sho«ld  certainly' not  be  discouraged • from  experimenting 
with  compost  soils,  etc.    Plants  growin^in  pots  or  other  small 
containers'  can  be  rather  easily  "burned"  by  adding  manure  or  rich 
compost,  however.     It  is  also  important  to  realize  that  all  plants 
;  u6e  and  depend  upon  Inorga^itr  ions  such  as  ptiosphates,  nitrates,  - 
potassium,  magnesium,  iron,  and  so  dn.    These  all  occur  naturally  • 


and  are  chemically  identical  to  the  ions  found  in  commercial  ferti 
izers.    Thus.'  it's  certainly  no.t  any  more  (mnatural  to  use  co|^ercial 
fertilizers  than  raising  the  plant  in  an  artificial  container.  x 
I  do  not  recommend  using  fish  emulsion  fertilizers.    They  often 

m 

encourage  the  growth  Of   undesirable  fuigi  or  bacteria    and  are' not. 
very  good  sources  of  the  minerals  that  plant?  need.    Similarly,  despite 
the  fact  t?hat,iany  persons  will  swear  by  it,  I  do.  not  recommend  using 
water  from  soaking  eggshells.    This  encourages  the  growth  of  a  harmful 
albumin  fnngUs,  and  about  the  only  mineral  that  is  supplied  is  calcium. 

Lighting 

Plants  obtain  the  energy  needed  to  carry  on  all  of  their  life  ' 
processes  from  light.    The  light; energy  that  they  use  to  manufacture  . 
•  food  by  photosynthesis  roughly  corresponds  to  the  wavelengths  that  we 
can  se^.  i.e..  the  visible  spectrum.  '  Plants  also  use  light  to  time 
the  length  of  day  an4  night.  Day  length  in  temperate  regions  is  a  ' 
reiiAb^e  environmental  signal  that  plants  use  to  "know"  when  t^o  Br6ak 
dormancy,  when  to  flower,  when  to  become  dormant,  and  so  on.    To  time 
the  length  of  day  and -night,  plants  u©e  red, and  "far  red"  light.  Far 
red  is  light  having'wavelengths  just  longer  than  the  red  light  that  we 
can  see;  it  is  Just  off  the  visible  spectrum.    Sunlight,  of  course, 
contains  all  the  wavelengths  that  plants  need.     If  artificial  lights 
are  used,  they  must  supply  light  for  photosynthesis  and  for  day-l4ngth 

timing.^  ' 

If  your  classroom  has  windows  facing  south,  Witheast,  pr  south- 
west   which  are  not  shad'ed  by  trees  or  other  buildings,  you  mayjiot 
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need  a  supplemental  light  source  for  growing  plants.    In  some  cases , 
"light  reflected  from  a  light-colored  wall  into  northerly-facing 
windows  will  be  sufficient.    At  tengjerate  latitudes,  however,  days  in 
the  fall  and  wintep  are  so  short  that  many  plan^  wiU  not  grow  well 
unless  artificial  light  is  used.    There  are  two  reasons  for  this. 
Sojne  plants  will  go -dormant    or  attempt  to  go  dormant    because  of  the 
long' nights.    Secondly,  light  energy  ii 'available  to  the  plants  for 
such  a  short  time  each  day  that  they  are  unable  to  make  sufficient 

N 

food  for  good  growth* 

Artificial  lights  need  not  be  elaborate  or  expensive Ordinary 
cool-white  fluorescent  bulbs  are  a^ood  as  any  artificial  light 
source  for  plant  growth. .  Since  they, do  not  emit  the  red  wavelengths 
needed  for  day-length  timing,  they  must  be  supplemented  with  ordinary 
incandescent  bulbs.    This  coiri)ination  (cool-white  fluorescent  and 
incandescent)  is  used  in  a»8t  controlled  environment  chaodjers  for 
plant  research. 

A  fdur- foot-long  fiacture  having  two  fluorescent  bulbs  will  light 
a  growing  area  approximately  six  or  seven  feet,  long  by  three  to  four 
feet  wide.    The  fixture  slwuld  be  suspe^ed  about  li  Inche^,  to  two  feet 
above  the  plants.    A  60  watt  incandescent  bulb  near  each  end  of  the 
fluoresgent  fixture  will  supply  ample  red  light.    Hardware  stores  sell 
incandescent  fixtures  that  can  be  clipped  (with  a  spring  cliv\  to  the 
ends  or  sides  of  the  fluorescent  fixture.    An  inexpensive  household 
electric,  timer,  al^o  available  at  hardward  stores,  can  l>e  used  to 
automatically  control  the  le^h  of  illumination.    .1  would  suggest 
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using  16  hours  of  illumination,  or  a  period  approximately  equal  to  the 
sunaaertime  daylength  in  your  area. 

I  do  'not  reconnaend  using  the  special  plant  growth  lights  that 
are  av^ilabl«.    These  are  both  fluorescent  and  incandescent  bulbs 
marketed  under  a  variety  of  trade  names  which  are  purported  to 
enhance  planE  growth.    Xhey  are  attempts  to^rovid^  all  of  the  wave-  j 
lengths  heeded  for  growth  and  day-length  timing  in  one  bulb.     In  so 
doing,  intensity  is  invariably  sacrificed;  and,  too  little  intensity 
is  often  the  problem  if  plants  are  not  dbinfe  well  indoors.    To, get 
sufficient  intensity,  these  special  'bulbs  ha^e  to  be  placed  very 
close  to  plants.    They  also  produce  unnatural  colors,  and  are  more 
expensive  than  regular  bulbs.     In  short,  I  fail  to  see  an^  advantage 
in  using  special  bulbs. 

Some  plants  are  much  more  shade  tolerant  than  others,  and  some 
plants  will  be  damaged  by  tod  high  a  light  intensity.  Requirements 
for  speci'^ic  plants  can  be  obtained  from  your  local  plant  shop  or 
from  numerous  reference  books.'   Tall,  spindly  growth  is  a  symptom 

tpo  little  light.    For  plants  that  are  nonhally  grown  outfeide  in 
full  sunlight  .(e.g.,  vegetables,  bedding  plants,  flowers),  you  needn't 
worry  about  having  too  much  light  in  the  classroom.    High  ti^mperatures 
may  be  a. problem  in  a  sunny  window,  however.    Direct  sunlight  may  be 
damaging  to  plants  that  are  normally  grown  indoors,  but  it  is  unlikely 
that  the  intensity  provided  by  >ilftlf icial  lights  a>^described-above 
would' be  too  high.  •       J    .  ,  .  • 
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Classroom  Greenhouses             ^  .  ' 

Small  classroom  greenhouses, , constructed  by  covering  wooden  or 

Wire  frames  with  cl^r  plastic,  can  be  useful  to  keep  planted  seeds 

C 

or  small  seedlings  from  drying  out  or  for  maintaining  high  humidities 
during  rooting  of  plants.    The^  are  also,  helpfxa  for  keepi-ng  plants* 
from  drying  out  over  weekends  or  longer  holiday  periotj|8.  Caution; 
they  will  become  too  hot  if  placed  in  direct  sunlight. 

Greenhouses  laay  ii^rove  the  growth  of  some  plants  because  of  „ 
the  high  humidity,  but  if  your  class's  p^nts  are  kept  adequately 
watered,  greenhouses  are  certa;f.nly  iiot  necessary.    Since  the  plastic 
will  reduce  light  intensity,  most  plants  will  grow  better  without  a 
plastic  enclosure .unle^ss  it  is  artificially  illuminated.    Thus,  I 
would  not  recommend  growing  plants  in  small  classroom  greenhouses 
unless  it  is  artificially  lighted  or^ou  have  an  exceptionally  bright 
classroom.  *  ^ 

tocal  Resource  Persons 

— ---^ — -  ■         ~  ^^>^ 

Every  county  (or  township)  is  served  by  a  County  Agent  (Agri- 
cultural Extension  Agent)  who  ia  a  iocal  representative  of  the  Depart- 
ment  of  Argiculture  and  works  through  colleges  and  universities  to 
encourage  the  use  of  new  Ideas  in  community  development  and  agri-  * 
cultural  practice.    Kinds  of  information  typically  available  from 
the  local  Extension  Office  that  iii^y  be/ useful  to  your  students  include: 
-planting  times  for  fruits  and  vegetables  in  your  area 
--wheg^o  start  plants  indoors  to  be  later  sold  or  transplanted 
outdoors 

-recommended  varieties  of  plants  for  your  are^ 
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The  Extension  Office  can  also  assist  in  testing  soils  and  making 
fertilizer  reconnnendatiojis' for  local  soils.    They  may  also  be  able 
to  ^sugg&st  sources  of  soil  or  other  materials  in  your  area  and  can 
help  solVe  problems'  with  pests.    You  can  find  the  number  and  location 
of  the  local^,i>unty  ^nt  in  the  Yellow  Pages  under  "Governiaent , 
County*^ 

Local  floriculturists  and  nurserymen  are  also  valuable  sources 
of  information:    They  are  usually  knowledgeable  about  the  needs  and 
caye  of  specific  ornamental  plants,  and  can  recommend  fast> growing, 
fast-rooting,  or  fast- flowering  species.     Some  plant  shops  will  donate 
unsold  seeds  to  schools  at  the  end  o,f  the  season. 

•  ^Many  communities  have  active  garden  clubs  whose  meaijers  are 
dually  more  than  wllliiSg  to  share  their  experience  and  expertise 
with  students. 

Larger  coraaunil^es  often  have  bontanical  gardens.  Their 
em^oyees  are  li^ually  yery  ^owledgeable  about  the  culture  and 
propagation  o^'f  plajits.*   Botanical  gardens  may  also  donate  cuttings 
'  or  seeds  to  schools »  •  . 

Suggested  References  .  , 

These  are  but  a  few.  of  the  numerous  excellent  reference  books 
that  are  available  on  plant  care  and  culture.    The  first  five  are 
highly  recommended  for  a  classroom  or  school  library.    They  all 
include  illustrated  descriptions  of  techniques  for  preparing  soil, 
potting,  starting  seeds,  transplanting,  making  terrariums,  etc.. 


which  students  should  find  helpful •    1  strongly  reconmiend  that  you 
have  the  Baylls  book  available  for  students  to  use  in  your  classroom. 
The  last  tw>  books  are  a  bit  i^re  technical  and  are  excellent  resources 
for  teachers. 

Baylis,  Maggie'.    1973.    muse  Plants  for  this  Purple  Thumb. 
101  Productions t  San  Francisco.  192pp. 

Crockett^  James  U.  and"  the  Editors  of  Time- Life  Books. 

Flowering  House  Plants.    The  Time-Life  Encyclopedia  of 
Gardening.    Time-Life  Books,  N«**Vork.    160  pp. 

^      Crockett,  James  U.  and  the  Editors  o|  Time-Life  Books. 

Foliage  Itouse  Plants.    The  Time-^Life  Eiicyclopedia  of 
Gardening.    Ti^e-Life^  Books,  New  York,    160  pp. 

Editorial  Staff  of  Ortho  Books.    1974.    House  Plants  Indoors/ 
Outdoors.    Ortbo  Book  Division,  Chevron  Chemical  Company^ 

Doty,  Walter  L.    1973.    All  About  Vegetables.    Ortho  Book 
Division,  <;hevron  Chemical  Coiqjany. 

Graf,  A.  B.    1973.    Exotic  House  Plants.    Roehrs  Coiiq}any,  £. 
Rutherford,  N.  J.    178  pp. 

Cruso,  Thalassa.    1969.    Making' Things  Grow:    A  Practical  Guide 
for  the  Indoor  Gairdner.    A  Borzio  Book,  Knopf,  New  York. 
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HOW  TO  AVOID  CROP  FAILURE  AND  DISASTER:  REDUTJDAtlCY 

by  .     -  •'^ 

Jay  E.  Anderson 


I.  -Much  of.  the  United  States'  success  In  manned  space  flights  can  be  at- 

tributed  to  redundattcy;  that  is,  back-up  systems  for  critical  functions  such 
^  as,  steering,  communications,  control  of  cabin  temperature . and  atmospherii:  com- 
position,  etc.    New  automobiles  sold  in  the  United  States  are  required  to  h^ve 
duplicate  brake  systems,  just  in  case  one  fails.    As  another  example,  each 
headlight  of  a  car  is  on  a  separate  circuit. .  Thus,  if.  a  fuse  blows,  both 
li^ghts  won't  be  lost. 

Ytju  can  use  the  Idea  of  back-up  systems  to  help  insure  success  In  Grow- 
ing Planfc^^"    A  few  ideas  are  discussed  below.    No  doubt,  you  will  be  able  to 
think  of  others  for  your  particular  situation.  »  The  important  thing  is  to 
recognize  "the  need  for  bapk-up  systems  before  the  disaster.  v 

First,  don't  fall  into,  t;he  trap  of  letting  each  child  Wve  his  or  her  own 
plant.    Begin- by  assuming  tha't  son»  plants  are  going  to  die  or  otherwise  be 
lost.    If  the  children  suggeat  that  they  each  grow  one  plant,  simply  ask  them 
what  will  happen  if  some  plants  die^    This  should  suffice  to  make  them^ee  the 
need  for  starting  more  than  one  plant  each. 

The  problem  of  "crop"  failure",  which  includes  plant  loss,  failure  to 
grow^v^efld,  or  failure, to  produce  flowers  or  edible  vegetables,  can  be  solved 
in  a  number  of  ways,  and  the  one  that  students  choose  will  depend  upon ^he 
natuire.of  the  challenge  Itself.    Primary  child:^en  are  more  likely  to  "want 
m^  own  plant";  wfeereas,  older  children  are  morj  likely  to  suggest  mass  pro-  ^ 
duction  without  having  individual  plants  identified  with-  individual  people. 
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In  cases  in  which  the  students  decide  to  have  Individual  plant each  stu- 

dent  could  have  several  to  help  Insure  success •    Alternatively,  the  class 

might  ralsei^ spares  from  which  replacements  could  be  made.    Note  that  X  said 

the  class  might  raise  spares ,  not  the  teacher.         is  important  that  the  class 

^8  aS^hole  solve  the  problem  presented  by  the  challenge.    Part  of  that  |)rob^ 

lem  Involves  recognizing  the  need  for  a  back-up  system  or  "spare  parts.'' 

In  addition  to  having  several  plants  grown  under  the  same  conditions  to 

serve  as  "spares, it  may  be.eqnally  important  to  have  alternative  sets  of 

^conditions  undei;  wliich  the  plants  are  grown.    This  is  especially  true  4.f  the 

class  is  not  sure  of  the  requirements  (light,  water,  temperatujje,  etc.)  for 

the  particular  kinds  of  plants  selected.    For  example,  if  the  students  decided. 

to  place  the  plants  in  the  direct  sunlight  of  windowa  having  a  southern  ex- 

posure,  you  might  want  to  ask  what  would  happen  if  it  were  too  warm  ther^  or 

»* 

if  the  sun  were  too  bright.    With  a  little  encouragement,  the  class  might  de- 
cide  to  place  a  second  group  of  pl^n^  in  an  area  4iaving  indirect  light  and 
compare  growth  in  the  tw  areas^    Similarly,  students  might  wish  to  tty  dif-- 
ferent  watering  schedules,  kinds  of  soil,  or  gr6wing  containers.    The  need  for 
finding  optimal  growth  conditions  is  especially  urgent  in  classes  that  are  mass 
producing  plants. 

■\  '      '   ■  ■ 

What  if  The  Crop  Falls?  "  ^ 

Despite  back-up  systems  and  the  best  efforts  of  class  and  teacher,  "crops" 
are  occasionally  going  to  fail.     Seedlings  may  dry  out  over  a  long  weekend, 
light  levels  may  be  too  low  for  the  plants  to  produce  tubers,  bulbs,  flowers 
or  whatever  in  the  required  time,  mice  may  eat  planted  seeds  (this  actually 
happened  in  one  of  the  development  classrooms),  or  pests  (insects  or  fungi)  may 
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wipe  out  the  cropt    What  shoyld  happen  in  such  a  case? 

The  purpose  of  a  challenge  is  to  present  a  real  problem  to  children  to 
foster  the  development  of  problem  solving  skills  and  the  application  of  all 
sorts  of  other  skill*  to  the  solution  of  that  problem*    If  students  fail 
to  meet  the  challenge,  what  is  learned?    "I  couldn't  do  it"  or  "We  tried,  but 
it  didn't  work  (like  lots  of  other  things  in  school)"  will  probably  be  the 
take  home  lesson  if  the  unit  s^inp][iy  stops  there — but,  it  shouldn't*    The  fail-- 

ure  of  the  plants  to  grow  (flower,  produce,  etc.)  presents  another  challenge, 

j>  •  ^ 

And    this  new  challenge — to  find  out  whaE  happened  and  overcome  the  problem 
or  diff icultifes--is  likely  to  be  viewed  by  the  students  as  even  more  real  and 
more^  important  than  the  original  challenge.    Thus,,  if  at  all' possible,  the  ^ 
stiud^nts  should  be  encouraged  to  pursue  the  new  challenge  presejnted  by  the 
"crop  failure",  thereby  contlBl^^S       pursue  the  origihal  challenge, 

A  few  questions  such  al  "What  do  you  suppose  happened?"  or  "Why  do  you 
think  the  plants  didn't      ^  ?",  followed  by  "How  could  we  test  that  idea?" 
or  "Would  you  like  to  try  some  of  your  id^as..,?"  should  serve  to  get  things 
rolling  again. 


HOW  TO  KEEP  FRCMsALSO  RAISING 


APHIDS,  RED  SPIDER  MITES,  WHITE  FLIES,'  ETC.  '  ^ 

WHEN  GROWING  PLANTS  * 
Jay  E.  Anderson 


Once^ou  start  rearing  large  ntanbers  of  different  kinds  of  plants 
in  your  classroom,  you  are  likely  to  run  into  problems  with  insects  and 
other  pests.    It^s  perfectly  natural,  of  course,  for  jLnsects  or  mites  to 
eat  plants.    But,  in  the  absence  of  natural  population  checks  such  as  pred- 
ators  or  severe  weather,  tt^e  pests  may  overpopuIa£e  and  destroy  their  hab- 
itat -  and  yout  classes  crop.    The  most  common  pests  include: 

Aphida     Aphids  can  be  recognized  by  their  pear-shaped 
bodies  that  are  about  the  size  of  the  lower  case  letter 
"o"  in  newsprint.*  These  are  sucking  insects  that  will 
"      .    ,Joften  be  found  along  gireen*  stems  and  petioles  (leaf 

stems).    They  may  be  winged  or  wingless,  and  come  in  a 
variety  of  colors.    They  appear  rather  long-legged. 

White  f lies^-^These  delta-shaped,  pure  white  flies  are. 
easily  reco^ized.    Ustially,  they  reside  on  the  under- 
side of  and  they  will  fly  when  disturbed. 

Mealyttugs  -  Muster's  of  mealybugs,  look  like  small  pieces 
of  cotton  and  aire  often  seerKlJi  the  angles  between  the 
leaf  petioles  and  the  stem.  ^ 

« 

Red  spider  mites     Usually  first  detect^  by  web-like 
filaments  on  stems  and  leaves,  these  tiny -relatives  of 
'    spiders  are  probably  the  worst  indoor  plant  pests.  They^ 
are  so  tiny  they  can  barely  be  seen  without  a  hand  letis. 
They  are  oval  shaped,  and  have  eight  legs.    The  egg  cases 
look  like  salt  spripkled  on  the  bottoms  of  the  leayes.  p 

^        As  you  pro.|>ably  know,  plant  shops,  supermarkets,  and  hardware  stdres 

^ave  all  sorts  of  chemical  sprays  for  killing  pesky  critters •    The  problem 

is  t;^iat  these  prodtf^s  are  designed  to  kill  living  things »  and  are  therefore 

dangerpus.    Reading  the  warning  labels  on  several  insecticide  containers 

should  convince  anyone  of  thaU    Many-cuidmarcial  insecticides  are  close 
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chemical  relatives  of  nerve  gas,  the  dreaded  chemical  warfare  a'gent  de- 
aisn^d  to  klll^eople.    These  insecticides  are  the  so-called  organophes-  ■ 
phates.    Malathion  and  carbaryl  are  examples.    If  the  warning  label  lists 
atropine  aegan  antidote,  the  active  ingredient  is  a  nerve  gas.    These  conn 
pounds  are  absorbed  through  the  skin,  and  can  be  fatal  if  they  get  into 
iyes  or  an  open  cut.    I  believe  that  mo^  of  the  contoercial  pesticides  are 
too  dangerous  to  sprav  on  plants  (and  their  surroundings)  in  a  classroom 
where  students  may  handle  the  sprayed  objects.    Let's  consider  some  alter- 
natives. ^ 

Some  pest  populations  can  be  controlled  by  periodically  rinsing  the 
plants  thoroughly. with  water.    A  kitchen  sink  sprayer  works  well.  Weather 
permitting,  the  plants  can  be  taken  outside  and  sprayed  with  a  hose.  If 
potted  plants  have  a  wall^eveloped  root  system,  they  can  be  supported  up^ 
Side  down  with  the  leaves  and  stem  submerged  in  a  sink  or  bathtub  full  of 
water.    Boards  placed  across  "the  sink  cyr  bathtub  will  support  the  pot  and 
plant,  and  can  be  placed  so  that  they  will  keep  the  root/soil  ball  (and  the 
plant  top)  from  falling  even  if  the  roots  and  soil  become  dislodged  from 
the  pot.    The  plant  top  should  be  left  submerged  for  about  two  hours  to 

dirovn  the  pests.  '  *^ 

I  have  been  told  that  rinsing  is  especially -effective  again^  rfed 
spider  mites,  and  I  have'  been,  told  that  it  is  effective  against  almost  every 
thing  except  red  spider  mites.    My  recommendation  is  to  try  water  first.  If 
rinsing  or  submerging  doesn't  completely  destroy  the  pests,  these  lilthods 
may  keep  the  pest  populations  down  to  tplJ^able  levels  s^that  more  severe 
treatment  is  unnecessary.  \ 

If  water  doesn't  work,  try  rotenone       pyrethrum  dust,  which  you  will 


find  on  the  market  shelves  with  other  pesticides.  These  can  also  be^xx^-^ 
tained  from  a  veterinarian,  because  they  are  used  to  dust  animals.  Check 
the  label  t6  be  sure  that  rotenone  and/or  pyr^thrums  (or  other  plant  re-- 
sins)  are  the  only  active  ingredients.  These  are  natural  plant  products 
and  are  effective  against  a  variety  of  pests  while  ^elng  quite  safe.  We 
have  found  rotenone  to  be  effective  against  young  tomiito  homworms,  for 

eatample,  and  it  <:an  be  safely  applied  to  fruits  and  vegetables  within  a 

r  ... 

day  df  harvest:.    It  ccsnes  in  powder  form;  thu9  spray  drift  is  not  much  of 
a  problem.    It  can-J>e  safely^  applied  by  children  under  teacher  supetVision. 
Students  should  wash  their  hatKls  thoroughly  after  handling  containers  or 
djisted  plants.    Fruits  or  vegetables  should  also  be  washed  thoroughly  be- 
fore  being  eaten.  ^     "  ^ 

One  word  of  caution:   *Rotenone  is- very  toxic  to  fish,  so  take  care  if 
ybu  h£ve  aqu^rlb  in  your  classroom.    Covering  the  aquaria  or  moving  them 
from  the  .vicinity,  of  the  plants  yo:u  are  dusting  should  prevent  any  problem^. 
Care  should  also  be  taken  to  prevent  gettijig  the  powder  on  birds  or  other 
small  animals. 

Mealy  bugs  can  be  controlled  by  swabbipg  them  off  the  plants  with  a 
Q-tip  dipped  In  alcohol.    Vodka  Is  the  best  alcohol  %o  vjse  because  it  doesn't 
contain  chemicals  that  wllL  harm  the  plants.    Rubbing  alcohol  or  depatured 
alcohol  may  be  toxic  -  try  a  leaf  or  two  and  v^lt  a  few  days  before  swab- 

blng  down  the  whole  plant.  . 

■    '     ^  y 

For  caterpillar-tjrpe  pests,  which  are.  likely  to  be  oorf  of  a  problem 
,in  outdoor  gardens,  there ^Is^  new  bacterial  toxin  marketed  under  such  names 
as  "Thurlcide"  or  "Biological  Worm  Spray".    This  is  a  safe,  natural  product 
that  paralyzes  the  digestive  tract  of  caterpillars.    Because  It  is  specific 
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for  caterpillars.  It  can  be  used  without  fear  of  killing  desirable  pred- 

* 

atory  insects. 

The  best  laeans  of  pest  control  from  both  ail  environmental  and  an  ed-- 
ucational  standpoint  is  to  use  natural  predators.    I-ady  bugs  and  praying 
mantises  are  available  commercially  and  may  be  obtained  from* plant  or  gar- ^ 
den  shops  in  you*  area.    They  can  also  be  purcfiased  from  biological  supply 
houses.    It  may  be  somewhat  difficult  to  keep  predator  populations  estab- 
lislied  indoors,  but  if  your  class  is  raising  a  lot  of  plants,  it's  defi- 
nitely vorth  a  try.    Of  course  if  you  ar^^  trying  to  encourage  natural  pre 
ators,  don't  use  any  pesticides  because  they  will  kill  the  desirable  pred- 
ators  as  well  as  pests.  v  . 

If  none  of  the  above  methods  is  effective,  you  might  want  to  solicit 
specific  advifie  froa  local  plant  shops  or  an  entomologist  at  a^nearby 
university.    Keep  in  mind,  however,  that  the  usual  chemical  sprays  are  most 
likely  to  be  recommended.    In  such  cases,  I  would  reconmend  the  "l^st  re- 
sort" method  described  below.    Another  possibility  is  to  check  the  journal 
Organic  Gardening  for  suggestions.    I'm  told  that  you  can  write  the  editor 
of  Organic  Gardening  for  specific  recommendations. 


th^  Last  Resort  ,  ^ 

Insecticide  strips,  such  as  the  Shell  No-Pest  Strip,  are  a  most  ef- 
fective alternative  to  sj^^aylng  when  the  plants  arfe  in  (or  can  be  placed  in) 
a  relatively  small  enclosure.    For  example,  one  overnight  tr£?atment  was  suf- 
ficient to  eliminate  white  flies  in  a  small,  greenhouse  with  all  windows 
closed.    Similarly,  hanging  the  strip  In  a  plant  growth  chamber  overnight 
completely  wiped  out  an  aphid  problem.    Individxial  plants  can  be  treated 
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by  placing  the  plant  an4  the  strip  In  a  plastic  bag  qvemlght.    The  key 
is  having  the  planta  In  a  small  enough  enclosure  so  that  the  insecticide 
will  be  effective  in  a  few  hours  in  an  area  occupied  gnly  by  the  plants 
and  their  unwanted  gye^ts. 

The  active  in&redient  in  insecticide  stips  Is  nerve  gas,  and  they  are 
dangerous.  .The  fact  that  it  iti  unlawful  to  use  such  strips 'In  restaurants 
or  other  places  serving  food  Indicates  their  toxicity.    They  will  kill  birds, 
flsh»  and  other  small  animals  if  used  in  t^ie  san^  room.    Insecticide  strips 
should  not  be  use4  in  school  and  they  should  not  be  hasjdled  by  children. 
Teachers  can  take  plants  hb^and  carry  out  the  treatment  in  a  garage  or 
basement.    Despite  the  inherit,  danger s*  iTb^lieve  this  method  £o  be  more 
effective  and  far  less  dangerous  than  spraying  the  same  sort  os  compounds 

^on  exposed  plants. 

...  ^      ^      .  ■     .  ^ 

For  treatment    the  pl^ants  could  be  placed  in  a  large  cardboard  box  sealed 

♦?  »  ■ 

with  tape  or  plastic.  In  ^  large  plastic  bag.  In  a  plastic  "greenhouse",  or 

>  i 

in  a  relatively  tight  cabinet  or  closet.    TKe  strip  should  not  be  unwrapped 

until ^ the  plants  are  enclosed  and  , ready  for  treatment.    Following  treatment, 

thp  stip  should  be  placed  in  an  airtight  plastic  bag  (use  several  if  you  are 

unsure  of  the  seal)  for  storage  until  needed  again.    Take  care  not  to  breathe 

the  vapors  or  to  get  the  materials  on  hands  or  clothing.    Wash  your  hands 

\ 

thoroughly  immediately  after  handling  the  strip.    Perhaps  these  precautions 
sout^  a  bit  scary,  but  they  are  really  no  different  than  those  you  should 
follow  when^using  any  insecticide, 
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Hi^i^y  Intersections  ^ 


Intersections  of  Streeta    f  *  \  '  . 

When  two  streets  cross  each  other,  automobiles  arrive 
at  the  crossing  from  four  dlrectio'nS-  -  two  directions  along  each 
Street  (Pig.  l).     By  putting  a  stop-llg^t  there,  the  traffic  along: 

one  of  these  streets  is  stopped  for 


PIG.  l'^ 


awhile  so  that  traffic  alo§g  the 
other  street  can  broceed.    But  even 
so  there  is  some  oonfuslon,  because 
there  are  always  some  cars  wishing. to  turn  from  one  street 
into  the  other.  Th«  cars  wishing  to  turiJ  rig^it  may  have  little 

trouble.,  But  those  wishing  to  tpm  left  must  cross  the  lin^/of 

/ 

traffic  that  is  moving  in  the  opposite  direction,  a«d  they  may 
block  their  own  line  of  traffic  while  they  wait,  for  a  chance  to 
turn. 

There  are  s>f5mil  ways  of  reducing  tfee  severity  of  this 
problem.    Sometimes  the  s'top^vbfc€Sbi„ls  madema^  complicated,  pro- 
viding a  little  time  in  which  only  left-turning  oars  can  proceed. 
But  these  must  be  only  the  left-turners  from  one  direction  on  the 
street;  otherwise  they  would  tangle  with'  left-turners  from  the 
^ther  direction  on  the  same  street.    By  separating  so  many  stretches 
of  time,  each  devoted  to  a  single  sort  of  traffic,  the  delays  at 
the  intersection  can  become  quite  large, 

» 

Sometimes  an  intersection  is  opened  qut  into  a  « traffic 
circle"  (Fig.  2).  This  arrangement  spreads  the  problem  of  making 
turns  over  a  long  enough  stretch  of  roadway  to  permit  cars  to 
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PIG.  2 


thread  their  ways  between  one  , 
another  aatlsfactoVily.  Never.the- 
less  It  Is  sometimes  necessary  to 
provide  stc(^-ll#its  at  the  entrances 
to  the  circle.    And  In  a  city  a 


traffic  circle  re<m Ires  more  space  than  Is  .usually  aval laWTe. 
The  space  In  the  center  of  the  circle  Is  hard  to  use  effectively 
because  the  traffic  o\its  off  pedestrians  unless  they  are  given- 

a  bridge  dr  a  tunnel. 

4  .  J/gfH  city  that  does  not  afford  space  for  circles  at 

major  sti^ot-lntersectlons,  a  "no-lef t-turn«  rule  may  help.  A 
oar  wishing  to  make  a  left  turn  can  accomplish  Its  purpose  by 
proceedliig  stral^t  throu^  the  Intersection  and  then  making 
thr^ie  right  turns  In  succession  (Fig.  3).    But  If  all  intersec 
tlons  have  itop-ll^ts.  the  car  may  be  delayed  by  five  lll^ts  In- 


stead  of  onev,    If  the  car  wishes 
to  make  a  U*tum,  It  may  be  de- 
layed  by  as  many  as  nine  ll^ts 
(Fig. 

When  a  i>ajor  street  Is 
sufficiently  broad,  as  Is  Com-      FIG,'  3 

monwealth  Avenue  In  Boston,^  an  Important  gain  'can  be  made  by 

passing  it  over  or  under  an 
"intersecting"  street  such  as 
Massachusetts  Avenue,  and  inter- 
connecting the  two  by  short 
lengths  of  pa^llei  side-street 

I  —  •  # 

(Pig-  5)  .  throu^  traff  loJ>h  Commonwealth  Avenue  need  not 
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b^r^^lelayed  by  a  light,    Btjt  lights 

si  ■ 

^     »  aire  probably  necessary  on^Massa- 

.1  chus«tts  Avenue  in  ordel"  to  admit 

the  turners  "^rom  Commonwealth 
Avenue  at  the  exits  from  the  side- 
streets.  • 

From  a  "one-way  street"  a  left  turn  is  no  more  difficult 

»-  ^  •  -  .  • 

« 

tjian  a  right  turn,  and  densely  traveled  cities  such  as  New  Yorlc 
may  reserve  their  streets  and  avenues  for  one-way  traffic^  Stop 
li^ts  are  necessary  to  alternate  the  flow  of  cars  throufld^i  north- 
south  and  east -we St  streets.    Sometimes  the  li^ts  are  ^reversed 


on  a  staggered  schedule  so  that  1 

#  _ 

a  oar  need  not  be  stopped  on  a 
major  street.    But  even  a  dri-  - 
ver  familiar  with  the  city  may  _ 


J  l_J  ^  ■L_J 


have  difficulty  finding  the  most 
suitable  route  to  his  destlna-  - 
tlon  (Pig.  6). 


n  r 

PIG. 6 


A  driver  unfamiliar  with  such  a  city  and  wishing  to 

t 

/ 

reach  "^5^  East  67th,^treet"  has  the  task  of  fitidipg  out^  by 
observation  as  he  proceeds,  what  streets  run  In  what  directions 
and  what  block  on  East  67th  Street  includes  ^25^,    Can  you  sug- 
gest a  good  strategy  for  him  to  employ?  J 
The  Cloverleaf  . 

.  When  two  major  hi^ways  Intersect  .in  more  open  country, 
there  may  be  enou^  space  to  provide  a  "highway  cloverleaf"  (Pig.?), 
This  device  is  expensive  in  its  use  of  space  and  in  its  require- 
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ments  of  construction,  but  it  has 
two  outstanding  virtues!  (l)  it  • 
employs  no  stop-lights,  permit- 
ting  traffic  to  proceed  without 
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Interruption,  and  (2)  it  permits 
a  oar  proceeding  in  any  direction 

to  transfer  to  any  other  direction  without  making  a  turn  ta  the 
left  across  a  highway.    The  cloverleaf  carries  one  highway  across 
the  other  on  a  bridge,  so  that  through- traffic  can  proceed  at  full 
sueed  in  both  directions  on  both  higjiways.    And  it  provides  con- 
nections between  the  highways,  so  arranged  that  a  car  turning  into 
or  out  of  a  connection  always  turris  to  the  right.  , 

How  many  connections  must  the  cloy^eaf  provide?  Each 
^oad  go^s  In  two  directions.    There  should  be  a  connection  lead- 
ing from  each  direction  on  one  road  to  each  direction  on  the  other 
road,  requiring  a  total  of  faur  conniectlons  leading  out  \)f  the 
first  road.    Since  these  are  one-way  connexions,  the  second  road 
needs  similar  connections  with  the  first  road,  ai^  therefore,  there 
mugt  b^^  eight  connections  adl  told.    The  usual  cloverleaf  provides 
all  eight,  as  Pig.  7  shows. 

i     There  is  another  instructive  wa^  of  analyzing  this  re- 
quiremeitit.    The  two  roads  providetour  directions.    Each  direction 
needs  a  connection  with  the  other  three.    Hence  there  should  be 
three-times-four  connections  -  three  connections  for  each  of  the 
four  directions.    This  number,  twelve,  is  larger  than  the  number, 
ei^t,  previously  obtained:  what  connections  were  previously 
left  out?    Clearly  the  additional  four  connections  are  those  that 
would  permit  a  car  to  turn  around  and  go  the  other  way  -  the 
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U-turn  connections.  jDh«n  how 
can  a  car  .ipake  a  U-turn  on  the 
usual  cloverleaf  that  has  only 
•eight  connections?  Answers  it 
can  use  two  of  the  connections 
in  succession  (Fls-  "8). 
Non-Redtlndant  Cloverleafs 


PIG.  8 


The  idea  that  a  car  might  use  seve±^l  connections  in 
^^^...sjccession  In  order  to  get'where  it  wants  to  go  has  an  important 
extension.    Suppose  tha#  a  car  proceeding  north  at  a  cloverleaf 
wishes  to  turn  east.    There  is  a  direct  connection  that  it  can  use. 
•    But  perhaps  the  car  is',traveling  fast  and  its  driver  doesn't  see 
the  turn-off  until  too  late.    The  car  can. still  turn  east  never-  ^ 
theless  by  using  three  connections  in  succession  (Fig.  9).  Hence 

*  you  might  say  that  the  north-to-east. 

connection  isn't  really  necessary. 
But  of  eourae  it  is  extremely  con-  f* 
ve'nlent.    And  if  it  wasn't  there, 
and  a  great  many  cars  wanted  to  turn 
from  north  to  east,  the  cars  ml^h*^~^ 
jam  up  the  connections  and  the  bits  of  highway  between  them.  . 

This  raises  the  interesting  question.,  how  many  connec- 
tions are  necessary  at  a  cloverleaf  to  permit  a  car  to  go  in  any 
direction  without  turning  left  across  a  Jiighway=?    The  question 
'can  be  answered  this  way.     (l)  The.  two  hlf^ways  provide  four  di- 
rections.    (2)  The  connectiW  must  provide  at  least  one  entrance 
to  each  direction  and" one  exit  from  it,  and  hence  each  of  the  four 
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.highway-directions  must  make  contact  with  two  connections. 
(3)  If  you  concluded  from  this  that  el^t connections  are  neces- 
sary,  however,  you  would  be  counting  each  connection  twice,  be- 
cause  each  connection  provides  both  ^an  exit  from  one  direction 
and  an  entrance  to  another.     (4)  Hence  you  conclude  that  at  least 
four  connections  are  necessary. 

^  .   But  are  four  connections  sufficient  -  In  other  words, 

,  Is  It  possible  to  satisfy  the  requirement  with  four  connections? 
The  best  way  to  answer  this  question  is  to  show  how  four  sufficient 
connections  can  be  constructed.    Write  N,  S,  E,  W.  for  the  four 
directions,  at  the  corners  of  a  square.    Then  think  of  the  sides 
of  the  square  as  the  symbols  for  the  four  connections.  Since 

N 
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only  one  direction  of  travel  is 
permltteid  on  any  connection* 
put  an  arrowhead  on  each  connec- 
tion.   If  you  can  travel  com- 
pletely around  the  square  of  . 
connections  by  following  the  arrows,  ^then  clearly  you  can  get  from 
any  direction  to  any  other  by  traveling  over  one,  two,,  or  three 
-conne3tlons  (Pig.  10). 

In  the  stripped -down  cloverleaf  of  Fig. 11  the  four  re- 
isaining  connections  have  the 

arrangement  symbolized  in  Fig. 

•  * 
10,    You  can  see,  from  the   

earlier  discussion  of  the  U- 

tUm  (Fig.  8)  and  the  north- 

to^east  turn  (Fig,  ^) ,"  that 
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the  cloverleaf  of  Pig.  11  accomplishes  what  .you  set  out  to  do.  ^ 
You  may  find  it  interesting  to  compare  how  cars  must  move  through 
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this  cloverleaf  with  the  way. they  must  move  through  the  streets 
of  a  "no-left-turn*clty  (Fig,  12). 

^1-4- 


FIGURE  12 


In  Pig. 10  the  four  directions -were  put  on  the  page  as 
they  would  appear  on  a  conventional'  maps     N  Is  up,  E  Is  to  the 
right,  etc.     But  our  reasoning  abdut  them  did  not  require  that 
we  dlagrM  them       that  way;  we  might ^^e  used  the  arrangement 
In  Fig.  13.    Then  when  the  directions  symbolized  by  the  letters 
are  restored  to  their  directions  "on  a  conventional  map,  the  clo- 
verleaf  corresponding 'with  Fig.  13  would  lo©k--14ke  Fig.  1^.  But, 
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PIG. 14 


In  akreement  with  our  analysis,  thl-s  cloverleaf  again  provides 

')  a  way  for  cars  to  proceed  from  any  of  the  four  directions  to  any 

% 

other.  * 


8  ^   •  '  . 

At  each  of  the  exits  to  the  connections  there  must  be  ^ 

a  sign  naming  the  cities  that  a  car  can  reach  by  ta^ng  that 

exit.     It  may.  help  to  give  conc^etenes^s  to  the  fefeaoing  discus-" 

slon  by  designing  appropriate  signs  and  showing  where/ they  must 

be  put.    Suppose  for  example  that  one  of  the  highways  runs  east- 

and-yest  between  Boston  and'  Albany  andr^he -other  highway  n^ns 

north-ard -south  between  Springfield  and  New  York.    What  cities 

are  named  on  each  of  the  four  exit  signs'  ?or  some  one  of  these 

clove rleafS?    Answers    each  sign  names  the  three  cities  that  are 

not  in  the  direction  in  which  the  car  has  been  trave3r4:*;g^ 

In  England  traffic  .proceeds  along  the  le^t  side  of  *)any 

road  instead  of  the  right,     Gould  any.  or  all  of  these  cloverleafs 

/be  used  in  England?    If  not,  what  changes  must  be  made?  Answer. 

/  each  structure  is  usable  in  England,,  but  the  direction  of  travel 

"X  * 

along  each  connection  is  reversed,  and  so  the  texits  of  the  Ameri- 
can structure  become  the  entrances  of  the  English  structure  and 
vice  versa.  8^ 
Three  Intersecting  Hiptiways 

When  more  than  two  major  highways  intersect,  the  prob- 
lem  of  providing  connections  between  them  having  the  virtues  of 
the  cloverleaf  becomes  more  complicated,    The  consequent  inter/ 
weaving  of  hi^ways  and  connections  often  provides  fascinating 
engineering  structures  -and  the  problem  of  traversing  th^m  in 
•   a  car  often  intimidates  its  driver.    Drivers  might  'have  more 
confidence  if  they  had  taken  some  thought  to  t^  general  problems 
faced  by  highway  engineers  so  that  they  cquld  anticipate  to  some 
extent  the  general  outlines  of  th$lr  solutions. 

,    Three  highways  provide  six  dJ,rections  of^  travel,  f  Con« 
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necting  each  directly  with  all  the  others  would  require  twenty- 
four  one-way  connections  if  U-turns  are  hot^included,  and  thirty 
if^^^ir^  are.     It.  is  tempting  to  reduce,  the  costs  of  land  and 

'   coTistruction  by  .designing  arrans;eni^nts  in  which  some_cars  use 
more  than  onft  connection  to  J?et  where  they  want  to  go.     We  can 
begin  by  usinar  the  same  sort  of  analysis  that  we  ube^  before  to^ 
determine  how  mar^  connections  are  .necessary  and  sufficient. 

Wh«h  the  six  ddrectibns  are  written  at  tLe  corners  of 

,  a  hexagon,  its  sides  furnish  arrows' symbol izingV^ix  one-way  con- 
nections^ by  which  any  direction  can  be  reached  from  any  othe:^ 
(Fig.  15);  "^Some  cars  will  have  to  use  five  connections  in  order 
■   \  1     >      2  2ir^  ^  ^2 
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FIG. 15  -  ^      ■<      '-^   PIG.ifi 
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to  reach  the  dArectioA  in  which  they  want  to  travel.     Indeed  this 
method  of  analysis  makes  clear  that,  at  an  intersection  of  N 
highways,  2N connections  are  necessary  and  sufficient,  and  some 
cars  must  traverse  2N-1  connections  (Fig,  l6). 

* 

-     As  in  the  earlier  case,"  the  directions  can  be  T^ermuted 
on)the  diagram  without  changing  these  conclusions;  and  a^^in  each 
oermutation  will  Drescribe  a  different  cloverleaf.     In  deUgninpr 
each  cloverleaf  you  must  remember  that  the  entrance  to  a  direction 

t 

on  a  highway  must  precede  the  -exit  from  that  direction. 

'     Some  arrangements  that  might  tjesult  from  this  procedure 

ft 

'    appear  in  Pig's.  17.  IB.  19  and  20,     By  imagining  a  car  moving 
through  one-  of  these  arrangements,  you  can  check  that  it  can 
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-  reach  any  direction  from  any  other.    Notice  that,  in  ob^ience 


FIG. 19.         //'/  H^^v^    PIG. 20 

with  .your  method  of  an^lyzlnsc  the  problem  (Fig.  15) f  a  complete 

check  arises  'if  you  find  4i^t  a  car  startina?  from  any  direction 
returns  to  that  direction  when  and  only  when  4 1^  has  traversed 
all  six  oonneotlons.  " 

It  is  interesting  to  notice  that  there ^Is  a  systematic 
way  of  arranging  connections  to  provide  a  non-redundant  clover- 
leaf  at  an  intersection  of  any  number  of  highways.    That  way  is 
symbolized  in-. Pig.  21  for  two,  three,  and  four  highways.  But, 


( 


FIG. 21 


\ 
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that  way  mlg^t  not  always  be  the  most  suitable  ^or  the  land  avail- 
able; and  It  has  the  englneerjjsi^ disadvantage  of  requiring  that 
each  oonnectlon  pas5!_ii5c«i**TJr  under  a  highway. 
Deliberate  Redundanoy  ^ 

.  ,.  Non-redundant  oloverleafs  connecting  more  than  two 

highways  would  certainly  be  Intolerable  In  real  life.  Drivers 
required  to  traverse  five  connections  at  an  Intersection  of  three^  ^ 
hl^ways  would  be  angered,  and  the  segment  of  each  hl^way  between 
exit  and  entrance  would  be  Jeuamed  with  oars,  most  of  which  Intended 
to  use  no  more  than  that  small  bit  of  the  hl^way.    It  Is  Interes- r 
ting,  therefore,  tp^  c\>nglder  how  much  additional  connedtlons  would 
alleviate  this  distress  wj.*ihout  returning'all  the  way  to  a.  com- 
pletely  redundant  cloverleaf. 


The  problem  can  be  made  definite  by  asking,  for  example, 
"wftatMnS  the  smallest  number  of  additional  connections  required  . 
to  reduce  from  five  to  four  the  maximum  number  of  connections  to- 
be  traversed  by  any  car  where  three  highways  meet?**    The  easiest 
w^y  to  tiickle  the  problem  is  to  return  to  Pig,.  15  ai^^rape  what 
happens  when  mpre  connections  are  added,. 

After  a  few  trials  you 
find  that  there  is  a  way  o^add- 
ing  only  two  more  connections 
that  will  enable  all  cars  to  0 

reach  their  desired  directions  '5     _^     k  .PIG. 22 

by  using  no  more  than  four  connections  (Pig.  22)^    If  the  newly 
connected  directions  are  the  opposite  directions  on  one  hlgjiway, 
the  two  added  connections  are  U-tuma  on  tHkt  hi^way.    But  re- 
member  tha^  the  newly  connected  directions  can  be  chosen  as  any 
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two  of  the  six  directions  without  affecting  the  validity  of  the 
analysis.  *  ^ 

SlBllfig:*ly  you  can  find  a  way  of  adding  three  oonnec- 
tlons  that  ^111  reduce  the  maximum  of  required  traversals  from 
five  to  thrbe  (Pig.  23) .    And  sl3^ added  oonrieotions  can  reduce 
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that  maxim\UB  from  five  to  two  (Pig.^2i*).  Perhaps  this  last  re- 
suit  -  a  three-hi^way  cloyerleaf  with  twelve  connections  and  a 
maximum  traversal  requirement  of  two  -  would  nrovide  an  accep-  / 
table  compromise  for  many  cases  in  real  life.  The  reduction  in 
the  number  of  oonpeotions  from  thirty  (for  complete  redundancy) 
to  twelve  would  effect  a  l^irge  simpiif ication  in  engineering.. 

When  the  intersecting  highways  are  "divided  highway s",- 
whose  two  directions  of  traffic  are  carried  on  two  separate 

m 

parallel  roads',  it  is  especially  i  — —  2  > 

easy  to  construct  U-tums.  j/  \^\^ /^^\^ 
Could  the  six  additional  con-  ■  ^ 
nections  just  discussed  bn  the 

six  U-tums  for  the  three  high-  #5 — .4-^^     PIG. 25 

ways?  The  proposal  can  ^e  diagrwBed  as  in  Pig.  25j  you  find  that 
some  cars  must  traverse  three  connections;  the  arrangemei^t  does 

not  reduce  the  maximum  to  two.  - 

Nevertheless  the  arrangement  of  Fig.  25'«lg>it  please 
more  drivers  than  that  of  Pig.  2if.    Many  drivers  may  find  that, 
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despite  their  best  effort,  they  end  up  in  the  wrong  direction. 


These  drivers  will  want  ^to*  find  a  ol^pr-cut  U-turn  so  that  they 
can  return  to  the  oloverleaf  and  tackle  the  wretched  thing  a«ain. 

V 

Youngsters  may  be  interested  not  only  in  designing  - 
some  highway  interchanges  but  also  in  examining  some  in  the  real 
world.  Bird's  eye  views  of  some  fairly  complicated  interdhanges 
have  been  photographed  from  airplanes.  They  sometimes  appear  in 
advertisements,  especially  by  oil  companies.  Analyzing  and  dia- 
gf«ming  such  a  photo^aph  is  an  instructive  exercise, 
ji^;*  .  It  is  also  possible,  and  much  more  difficult,  to  ana- 

V  ly^e  a  complicated  interchange  from  the  "worm's  eye  views"  ob- 

tained  by  traversing  it  In  a  car.    After  becoming  apquainted 
with  some  ^f  the  ideas  discussed  above,  a  .class  of  youngsters  ^^ 
y~    might  be  interested  to  plan  .a  strategy  for  ihaking,  enou^^  direct 
observations,  <rom  buses  or  private  cars,  to  enable  them  to  * 
diagiim  an  interchange.    Then  from  direct  experience  they  could 

discuss, the  effectiveness  of  its'deslgn. 

v  '  '  '       .  • 

(      The  following  exercises,  and  others  like  them,  may  help 
to  give  insight  i'kto  the  foregoing  analysis  ar^  thus  into  the 
problems  of '  designing  and  traversing*highway  . interchanges. 
#1.  ?ut  numbers  l,2,3.^t5.6  on  the  directions  ih  Pig's. 17-20  so 
that  the  connections  in  these  diagrams  connect  the  direosjions 
in  the  way  diagramed  in  Pig.  15.     Often  the  simplest  way  to  ex 
amine  mS^a^a-^corapllcated  interchfeinges  is  fi^pst  to  find  a  simple 
circuit  of  this  sort,' diagram  It  in  this  way,  and  then  add 
'      the  redundant  connections  to  the  diagram. 
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^2,  Two  familiar  methods  of  connecting  a  major  highway  with  a 
minor  road  (the  "waiting  line",  and  the'  "Jug  handle")  appear 
in  Plg»s.  26  and  27.  *In  both  arrangements  a  traffic  light  . 
stops  traffic  on  the  highway  for  occasional  short  stretches 
of  time.    After  examining  the  courses  permitted  to  cars  while 
the  ll^t  Is  red  fiind  while  It  Is  green,  discuss  which  arrange- 
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Tlie  four  Interconnect lo-n  dlajrrams  of  Flee' s .  31 . 32 , 33 ,  and  3^  form 
two  -pairs.  In  which  the  two  members  of  each  pair  are  oermutatlSns 
of  the  same  diagram  and  are  therefore  equivalent. 

(1)  Palrjfche  dla^rrams,     '        '  , 

(2)  DeCermine  the  maximum  number  of  connections  any  car  must  " 
traverse  In  an  Interchanfi;^.  deslcnied  according;  to  each 
dlaarram.  '  • 

*.  /  •  • 


FIG. 3 5 


¥'^.  Determine  the  maximum  number  of  connections  that  any  car  mtist 
traverse  in  the  twelve-connection  Inte^chanjre  of  Fie;.  35*  by  the 
method  susrsested  in  exercise  H.     Notice  that,  when  each  direc- 
tion-^as  several  entrance's  and  exits,  the  nroblem  of  Dlacinp- 
-the  entrances  ahead  of  .the  exits  becomes  more  d«1f-flcult. 

CO 
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SOME  QgNSiggRATIONS  ON  TflE .CURyATCTtE  OF  AN  EXIT  OR  ENTRANCE  ROAD 

■  by 
Earle  Looon 

Introduction 

Material  contaiae4  in  thiM  background  paper  ifif  fairly  advanced  fov 

eloaentary  school  student?  and  teachers.,.  The  purpose  of  this  short  intro- 

  ,  '         '  "  .    .  i 

duction  is  to  provide  an  intuitive  basis  for  the  proposition  that  entrance 

'  / 

and  exit  riaups  and  other  connectorrs  must  be  designed  in  accordance  with 
.Certain  limitations  on  curvature. 

People  riding  in  a  clos^  car  at  a  constant  spee^  on  a  straight t 
smooth  road  do  not  experienice  any  forces  matting  on  them.    However,  when 
the  car  goes  aroun^a  turn,  people  are  consciotis  of  the  side  of  the  car 
pushing  on  thaa.    The  force  is  called  a  centripetal  force,    A  car  will 
not  turn  around  a  comer  unless  it  is  pushed  sidewise  by  the  road. 
Similarly,  If  you  were  standing  oSf a  fast  merry-go-round,  you'would  feel 
as  If  a  force  were  pulling  you  outward,  away  from  the  center.  However, 
what  you  are  experiencing  Is  not  a  real  force  in  the  sense  of  an  object 
exerting  a  push  or  pull  on  another  object.     What  you  feel  is  sometimes 
erroneously  labelled  a  centrifugal  fjprce,  but* it  is  merely  an  Inertial 
reaction  to  the  centripetal  force  acting  on  the  merry-go-round.     If  the 
merry -go -round  stopped  suddenlj^,  you  would  go  flying  In  a  direction 
tangent  to  the  circle  at  that  momenta    With  respect  to  cars,  the  cen-- 
tripetal  force  that  turns  the  car  arises  either  from  the  friction  of  the 
tires  on  the  road  surface  or  from  the  banking  of  the  roadway.^  When  the\ 
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maximum  frlctional  force  which  the  tires  can  exert  is  not.  sufficient  to  - 
turn  the  car-  the  required  amount,  the  car  skids  off  the  road. 

When  a  curve  Is  banked,  the  outside  of  the'curve  Is  higher  in  -^"^ 
elevation  than  the  inside  of  the  curve;  the  road  is  sloped  in  a  crosswise 
•manner.    The  purposfe  of  this  banking  is  to  heliS^Jie  road  exert  a  force 
to  push  the  car^to  Its  turn.    Since  the  force  of  friction  is  limited, 
a  car  will  skid  without  the  pxish  of  the  banked  road  when  the  frlctional 
force  is  not  big  enough  to  maintain  the  necessary •  turn.    From  your  own 
experience  driving  a ^ar  or  riding  a  bicycle,  you  Imow  that: 

a.    the  greater  the  speed  at  which  you  enter  a  curve, 
the  more  banking  necessary  to  prevent  skidding. 
'  b.    The  sharper  the  corner  (i.e.,  the  smaller  the  radius 
of  curvature)  the  more  banking  n^essary.  > 
Finally,  it  is  worth  mentioning  that,  in  practice,  the  amount  of  banking 
is  limited;    on  a  road  too  sharply  banked,  a  slowly  moving  vehicle,  or' 
one  at  rest,  will  either  slide  across  the  road  or  roll  over. 

To  confirm  some  of  the  ideas  just  explained,  try ^thls  experiment, 
or  ride  a  bicycle  in  a  circle.    Note  that  you  must  lean  "into"  the 
curve  tb  keep  your  balance.    If  your  speed  is  too  great,  you  will  slip 
or  skid.  ... 


0^ 
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The  design  of  the  path  to  be  taken  by  a  connector  between  high- 
ways is  a  coBspromlse  of  several  important  attributes.    The^ost^ critical 
are  5    .  » 

1.  cost  factora  relating  to  the  amount  of  land  used,  and 
the  ^s^unt  of  paving  to  be  done,  ^ 

2.  control  of  vehicles  changing  speed  and  direction. 

Item  1  inqjlies  short  connectors  turning  sharply  from  one  direction  to  the 
other  to  keep  cost  down,  while  item  2  implies  long  slowly-tumlng  connec- 
tors to  allov  reasonabjLe  speed  without  sliding.    In  t!}is  paper  we  consider 
the  relation    between  car  speed  and  road  curvature  and  some  investigations 

that  can  be  made  by  students.  . 

*  —   « 

A  car  nwst  leave  a  highway^  at  nearly  its  "cruising"  speed  if  It^ 

/         ■        '       ' ' 

is  not  to  slow  down  cars  behind  i^'  in  the  right  hand  lane  (which  are  not 
turning  off).    Consequently  the  l^eglnning  of  tjie  exit  ranq>  must  permit 
high  speeds  for  a  sufficiently  long  distance  for  smooth  braking  to  be 
effective.      See  fig.  1.  / 


collision  area 


straight  distance  must  be 
adequate  to  avoid  undue 
speed  reduction  in 

collision  area 


Fig.  1 


sharpest  exit 
^  curve 
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Fast  braking  and  turning  may  cause  loss  of  control  due  to  slow 
response  time  by  the  driver,  but  we  are  more  concerned  here  with  the  ten-' 
dency  to  slide  or  slip  under  these  conditions.    Sliding  occurs  when  the  . 
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force,  of  friction  between  tires  and  road  is  inadequate  for  the  req.uired 
acceleration  or  cieceleration  of  the  car.    The  harder  on.e  brakes,  the 
bigg^  the  deceleration  and  the  more  grip  is  required  from  the  tires •  There 
is  a  maximxm  grip  the  tires ^^n  ^"pply;  after  that  the  car  slides  and  no 
larger  dec^eratlon  can  be  attained.  ^1 

In  order  for  a  car  to  travel  around  a  curve  it  must  be  pushed 
toward  the  inside  „of  the  curve.*    This  push  is  produced  by  the  road  ex- 
erting  (through  frl^^n)  a  force  on  the  can  pushing  it  toward  the  in- 
side of  the  curve. Xlf  no  other  forc^^Xs  exerted  on  the  car,  it  will  travel 
around  the  curve  at  constant  speed. 

The  push  toward  the  inside  of  the  curve  has  to  be  bigger  if 

the  curvature  of  the  iroad  is  larger,  i-f  the. car's  speed  is  greater,  or 

if  the  car  weighs  aore.    A  car»  slides  sideirays  on  curves  when  the  force 

of  friction  between  the  tire^and  the  road  is  insufficient  to  produce 

.«» 

the  push  reqiifred  to  keep  the  car  travelling  in  the  curved  path.  On 

1*  ■ 
goiid  surfaces  with  properly  inflated  tires,  the  max^um  force  of  friction 

*  -5 

■  is  given  by  the  weight  of  the  car  multiplied  by  a  coefficient  of  friction 

,  \^ 
wlich  varies  from  2/3  to    9/10  depending  on  the  nature  of  the  tire  and 
^        I  / 

road  surfaces  and  whether  the  road  is  wet  or  dry.    On  icy  roads  the  co- 
efficient of  fraction  may  b*/  as  low  as  1/10.     It  has  been' found  that 
thTTrea  df  contact\between  tiTe'^and  road^'haa  little  effect  on  the  fric- 

tional  force.  /^*f^ 

The  sliding  can  be  ^Id  Uf  Vo  some, extent  b^^^^ing  the  curve 

Extensive  banking  is  not  cufitofflSry  because  very  careful  control  of  speed 

(neither  too  large  nor  too  soall)  is  required..    Of  course,  the  required 

;i;7^pendlj  A  for  a  «>rp  detailed  description. 
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push  toward  the  center  af  the  curve  may  be  reduced  by  reducing  the  speed 
of  the  car  or  aakisg  the  road's  curvature  smaller,  that  Is,  oaking  the 
road  atraightjer* 

/  ■  "    '  '  r  ✓ 

The  experimental  and  aathematical  cossplexltles  Inhibit  a  thor--  • 

*  ■? 

oughl^  quantitative  approach  to  these  design  problems  in  the  field  by 
elei^ntary  school  students.    In  the.  following  pages  we  suggest: 
A*    Sotoe  observations  that  can  be  made  in  the  field. 

B.  Related  cAtservations  that  can  be  made  using  model  cars 
•    -  and  roadways  in  the  Design  Lab  or  classroom^ 

C.  A  procedure  for  measuring  the  straightnes^  of  a  curve  in 

^.       ■     ■  ^ 

the  field. 

D.  A  way  to  use  data  from  tab  lee  to  make  scale  drawings  or  models  of 

interdiange  designs. 

E.  E3q>eriiBents  with  model  cars  and  roadways  which,  combined  with 
graphing,  will  give  values  for  critical  speeda  according  to 
the  straightness  of  different  curves. 


A.    Some  Qualitative  Outside  Observations 


On  an  overpass  or  from  a  nearby  hill  the  students  can  observe 
the  shape  of  connectors  at  a  traffic  interchange.    The  problem  of  the 
length  and  curvature  of  connectors  will  arise  naturally  as  different 
interch&nge  designs  are  compared  for  area  of  land  used.    Students  can 
drive  ^ong  connectors  and  note  details  of  structure  and  of  the  car's  ^ 
motion.    Fig.  2  Illustrates  the  features  they  are  likely  to  see. 
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V 


Fig-.  2 

They  will  find  that  they^pcid  td(iaake  the  foUawing  obsetvationa. 
Does  the  exit  roadT^eave  the  main  road  at  a  saiall-  angle  (nearly 
parallel),  a  a»derate  angle,  or  a  large  angle  (nearly  perpendicular)? 

~\     ^  ■ 

Is  the  exit  road  straight  or  curved? 

Is  it  curved  more  near  the  ends  or  near  the  middle?    Are  the 
curves  banked?    Very  much?  ^  ^ 

Js  the  entrance  or  exit  end  nearly  straight? 

If  there  are  straight  sections  at  eittier  end,  is  one  straight 
se&tion  longer  than  another? 

la  the  longer  one  at  the  faster  or  at  the  slowed  road? 

'  Go  ^ 
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OSice  they  becaae  mmte  of  the  relation  of  connector  shape  to  car  contitol  , 
safety  they  will  se^  answers  to:  ^ 

•^X^ould  cars  slow  do^ra  before  they  get  Into  the  connector^  Should 
they  slow  down  after  getting  In?    Where  should  they  do  aoat  of  their^ 
slowing  down?" 

Should  cars  begin  to  speed\up  before  they  leave  the  connect oi 
Should  they  speed  up  after  getting  on  ^eir  next  road?    Where  should  th^\ 
do  iK>st  of  their  speeding  up? 

What  speeds  should  signs  permit^n  each  roa4?    On  the  exit  and 

entrance  ramp?  '"^ 

Some  observations  tfi at  might  be  loade  on  faaily  trips,  school  • 
outings  or  specially-planned  ridee  are  as  follows: 

'        What  speeds  are  the  cars  you  are  in  tr^elling?    Where  do  they 

go  the  fastest?    The  slowesl?  •  # 

Is  there  ever  any  trouble  in  slowing  down  enough  or  speeding  up 

enough?  '  « 

What  are  the  unsafe  features  of  leaving  or  entering  a  busy  h^igh- 

way?  ft 

B.    Obaervatjons  with  Model  Setups 

The  children  can  also  discover  the  qualitative  relation  between 
speed  and  straightness  of  curves  by  ex|erimenting  with  models.  The  speed 
of  a  model  car  can.  be  varied  by  starting  it  atydifferent  points  pn  a  hill. 


^  7 
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H«ight 
of  starting 
Point 


-  -  -  -   » 


li^el  stretch 


If  a  model  car  starts  from  rest;,  at  a  certain  height  on  a  hill, 
i^>vill  have  a  definite  speed  at  the  beginning  of  the  level  stretch  of 
roadway.    The -speed  will  be  the  same  for  each  trial  since  it  depends  only 
on  the  heightvof  the  starting  point  and  the  car  us[ed.    If  the  car  wheels 
roll  easily,  the  resultant  speed  will  be  nearly  the  saxae  for  all  such 
cars  and  will  depend  most^  on  the  height  *md  not  imich  on  the  steepness 
or  straightnes3  of  the^hill. 

Curves  may  be  placed  on  a  level  stretch  near  the  bottom  of  the 

hill.    Forbears  to  travel  on  a  curve  (without  a  track  or  lip  to  hold  th«m 
the*curve)  they  have  t9  be  st^eredi  i.e.  their  fronf  wheels  held  at  an 


on 


angle.    However,  the  steering  may  be  held  fixed  thTOue^cn 


run.      Then  the 


downhill  in  Figure  3j;^etd.d  have  to  be  broad  enough  for  the  car  <^o  come  down 


on  a  curve  as  shown  in  Figure*4. 
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Fig.  4 
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The  childcen  will  see  that  a  model  car  will  travel  atound  a  certain 
curvr^aai"^at  low  speed.    If  the  car  Is  tcavelling  at  a  higher,  speed  (start- 
,.ing  it  higher  on  the  hill)  it  will  slide  sideways  across  the  road  as  it     -  . 
goes  around  the  same  curve. 

If  different  curves  are  used,  the  children  "will  see  that  a  car' 
that  travelled  easily  at  a  certain  speed  around  a  curve  will  skid  sideways 
when  it  goes  at  the  same  speed  around  a  curve  that  is  less  straight*  (See 
Fig.  5)  '  ,  . 


Car  travelling  aflame  speed 

.      Fig.  5  *  ' 

^  Da6a  might  be  collected  at  this  time  which  several  students  may 

want  to  use  later  in  more  extensive  experiment?  with  the  model  setup*  They 

will  need  tp  khow  the  height  . on  the  hill  yyhich  produces  a  speed  at  which  the  " 

✓    ^  *       .  ...  . 

car  first  starts  to  slide  sideways  on  a  certain  curve.    This  critical  height. 

■     ■  *  » 

dan  lye 'found  after  a  faeries  of  trials  at  different  heights.    The  trials  • 

should  be  repeated  with  other  curves  having  different  amounts  of*  straight--  jg| 

ness  so  that  the  critical  height  is  found  for  each  curve. 

The  childre'i\  should  build  their  own  design 'of  a  roadway  in  the  Design, 

C.    Quantitative  Outside  Observation^      ^  ^ 

Students  can  mak^  the  following  outside  measure^ments  and  then 

.Cjalculate  the  stralghtness  of  a  section  of  roadway  or  how  far  .ahead  one 
goes  for  a  certain  amount  of  turning.    With  a  trundle  wheel,  a  tape  measure 
or  a  long  rod^  distances  may  be  measured  along  thev^onnector.    N(/t  onfy 
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should  ttie  total  .length  be  measured,  but  the  straight  (or  very  slightly 
'     curved)  s^loAs  at  ^ach  end  should  be  separately  measured,  and  also  the 
strongly  curved  section.    The  width  of  the  copnector  can  be  measured  at 

the  same  time,  ,  '  ^ 

The  straightness  of  the  strongly  curved  section  can  be  measurad 

by  comb tjiing' the  distance  measurement  with  a  measurement  of  the  difference 


r 


■Difference  of  direction 


of  direction  (0)  between  two  parts  of  the  road.     (See  Fig.  3). 


Direction  of 
velocity  at 
point  P 


Dlrect|,on  of 
velocity  at  point 
Q 


Fife.  6 


I  If  the  straightness  of  the  road  does  not  seem  to  .change  very  Bwch 

between  P  and  Q  (see  Fig.  7)  then  a  two  avmad  instrument  ^i^h  a  simple 
(large)  protractor  fixed  to  one  arm  may  be  used  to  measure  ©,. 


ERIC 


The 


1 


arm  "sttaigl 


The  stud 


i       otheit  arm  at  P.  Th^ 


ne  arm  "straight  (back)  along  the  road"  and  the 
reads  his  protractor,  getting  ftp*  the 
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student  at  Q  gets  8^.    To  help  point  "straight:  along"  they  may  find  it*^ 
helpful  to  have  a  student  stand  near  the  middle  of  the  arc  (point  M)  at 
the  outside  curve  (on  the  rgad  6r  a  little  out  in  the"^ field). 

.       It  turns  out  that  9p  +  8^  -  6.    The  students  satisfy  themselves 
on  this  point  back  In  the  classroom  using  a  blackboard  or  piece  of  paper. 
One  draws  any  base  line  (see  flg.g  )  and  makes  a  line  at  angle  9^  at  one 
end,  and  one  at  angle  9^  at  the  other  end.    The  change  1«  dlrection-of 
the  roacf  is  shown  by  tlife  arrows  and  is  saeasured  by  the  angle  8.    One  can 
measure  8*  directly  with  a  protractor  and  compare  it  to  6^  +  8^. 


base  line 

The  comparison  can  be  made  for  different  choice  of  9p  and  8q  confirm- 
ing  each  time  that  8  »  Bp  -  8q.    Vhen  the  students  are  convinced  that 
8  »  6p  +  8q  Chey  can  Just  add  Bp  ^and  8q  in  the  field  )and  no  longer  need 
to  draw  the  triangle  of  Fig.  8.* 

'  The  ^traightnegs  Is  the  dlst^nx:e  tr^velj,ed  per  unl£  angle  turned: 

S  -  0    in  feet  per  degree,  yards  per  degr^,  iMtei:s 

K  - 

per  degree,  etc.  dependlYig . on  units  used.  , 

For  straight«r  parts  of  th^  road,  the  distance  will  be  greater  per 

degree,  so  S  will  bp  a  larger  nunier.    A  check  of    posted  ramp  speeds 

<    versus  ramp  straightness  may  show ^^hat  the  recommended  ispeed  goes  down 


as  the  straightness  or  S  decreases 

*  The  students  may  want  to  discuss  their  result  in  terms  of  the  sum  of^all  the 

angles  in  a  triangle  -  ep-+«g+«j^.     It  is  clear  that  0  +  ejj*=  a  "straight  angj 

or  180^  on  the  protractor.    UsiiJf=«  ^  Q    +  6  it  follows  that  ©p■^«Q'♦^^R 
for  any  triangle.  ^ 


§ 
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D,     Using  Data  from  Tabrles 

Now  that  they  h^ve  measured  the  stralghtness  of  a  curve  aiid  have 
an  understaoding  of  th^  relation  betweer\  'speed  and  stralghtness  of  curves, 
•they  can  understand  th^  data  In  following  Cables  and  use  it  In  designing 
their  interchanges. 


Design  Ifengths  of  Dece^ratlon  Lanes. 


Design  S^eed  of                     •  ^ 
Highway,  mph.         '             ^  V. 

Length  of  Deceleration  Lane,  in  Feet, 
for  Follcjwlng  Desl'gn  Speed  of  Exit 
Curve,  ng>h,  , 

20 

30. 

40  ' 

50            -  . 

60 

70 

 r — ■  ' 

250 
.  350 
AOO 
450 

175 
250 

350  .  ^ 
400 

200 
250, 
350  1 

'^-A  

-  ■ 

200 
250 

,   Design  lengths  of  Acceleration  Lanes 


^               '  B^ign  Speed  or 
Highway,  B5>h^ 

Length  .of  Acceleration  Lane,  in  Feet, 
for  Following  Design  Speed  of  Entrance 
Curve 

20 

.  40"^' 

50 

40 

•  400  . 

250 

/ 

'50 

650 

500 

250 

60  . 

.|50 

800\'^__ 

550 

.250 

70 

1200  /. 

1000 

^     900  • 

500 

• 

■1 
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Minimum  Safe  Straightness  £or  Intersection  Curves^ 


Design  Speed/of 
Curve,  giplr; 

15 

20 

25 

30 

35 

40 

Mlhlnuus  Safe  Straightness 
(feet  per  degree  of  turning) 

4/5 

1  3/5 

2  7/10 

4 

5.1/2 

7  1/2 

This  table  allows  for  a  larger  friction  factor  on  less  straight  curves  and 
a  lai;ger  banking  of*  curves  for  higher  design  speeds . 


For  example,  if  they  want  to  plan  an  exit  from  a  highway  with  a  posted 
speed  o'f  60  miles  per  hour,  they  will  see  fcom  the  tables  that  they  need 
a  deoeleration  lane  of  35d  feet  be^re  a  curve  designed  for  30  miles  per 
hour  speed.    The  cfurve  must  have  a  straightness  of  about  4  feet  per  degree 
turned.  '  •  '  ' 

The  children  can  make  scale'  diagrams  of  their  interchange  de^gn. 
A  scale  of  one  inch  per  100  feet  might  be  convenient  to  start  with,  llie 
deceleration  lane  woSld  be  3  1/2  inches  long.    The  curve  can  be  found  b^ 
using  a  narrow  plastic  strip  placted  between  the  arms       a  square.  For 
example,  4  feet  per  degtee  would  b^  360  feet  or  about  3  1/2  Inches  for  a 
90^  turn.    A  plastic  strip  3  l/'2  inches  long  covtld  be  fit  between  the  arms 

4. 

of  a  square  angle  so  tHat  the  arms  run  tangent  Co  the  ends  of  the  Qutffe. 
(See  Fig.  9)  .  : 


".  length^  of  deceleration  ^lane 


It  is  important:  for  most  of  these  measuretnf^nts  to  be  able  to 

produce  a  definite  speed  and  vary  It  easily.     A  simple  way  tD  do  this 

is  to  provide  a  downhill  stretch  of  roadway  such  as  indicated  in  Fig.  10 

or  in  Fig,-  4.     If  a  given  model  vehicle  starts  from  rest  at  a  fixed  height 

t 

(H)  ,  it  will  have  a  definite  velocity  (V)  at  the  beginning  of  the  level* 
postlon  which  depends  only  on  the  height  and  choice  of  vehicle. 


I— Flat  portion  ^  '  *  ' 

The  velocity  Is  "reproducible"  that  is,  if  we  repeat  th&  experi- 
ment, starting  the  vehicle  from  rest  at  P,  it  will  have  the  same  velocity 
(V)  as  before  when'lt  reaches  Q.    Furthermore,  if^e. wheels  roll  easily, 
then  the  resultant  velocity  for  different  vehicles  will  be  nearly  the 
same  when  started  from  P,'  so  that  one  does  not  have  to  start  all  over 
again  when  one  changes  the  model,    Also,  if  the^  wheels  roll  easily,  V 
will  depend  mostly  on  H  and  not  mixch  on  the  shape  of  the  hill  (stepper 
or  mare  gradual,  curved,  etc.)     or  on 'whether  the  ca^ comes  "straight 
'down''  or  on. a  crossways  curve  whlch(will^n^le  r^ults  on  different 
-roadways  to  be  pon^jared.    See  Appendix  B  for  a  test  on  how  frictionless 
thJ  iTolling  Is.  . 

Under  the  above  conditions  a  reproducible  definite  velocity  can 

be  obtained.    Before  the  students  measure  the  velocity,  they  should  find 

0  ^  ^ 

tl^critlcal  height  (H  )  for  which  the  car  slides  sideways  on  a  specific 
curve.    After  a  sex;les  of  trials  at  different  heights,  they  witl  find  the 


DP 2-1 5 


height  at  which  th^  car  first'' starts  ta  slide  sideways  in  the  curve. 
The  height  can  be  measured  in  feet  and  the  straightness  in  feet  per  90f 
turn  (1/4  of  a  circle) .    See  Page  12  for  a  description  of  measuring 
straightness.    After  critical  heights  have  been  found  for  several  curves, 
a  gxat^h  pan  be  made  of  height  vs.  straightness.     It  will  reseisble  this: 


3 

2H 

Critical  2 

Height 

(Feet) 


Straightness  . 
(feet  pep  90^  turn) 


Fig.  11 

The  next  step  Is  to  measure  the  velocity  \> reduced  at  each  crltl-- 
cal  height.    To  treasure  the  approximate  vejocity  the  car  must  be  timed  as 


it^\i 


it  travels  along  a\^leve3,  section  of  road  at  the  bottom  of  the  hill.  The 
longer  the  section  is,  the  more  accurate  the  timing  will  be,  but  the  car 
may  slow  down  more  during  the  timing.    See  Appendix  C  for  a  test  of  tfie 
amount  of  slowing  down  of  the  velocity. 

Vhen  the  st^ents  try  different  speeds  on  different  curves,  the 
car  will  be  travelling  at  least  several  feet  a  second  when  it  slides  side-- 


ways  on  the  larger  (stralghtei*)  wdel  curves.    With  practice,  the  students 
t 

may  be  able  to  time  down  to  a  half  second  using  a  stop  watch.    This  may  be 
done  more  easily  by  havlni  one  student  watch  the  stop  watch  while  another 
student  watches  the  car  and  taps  hit?  on  the  shoulder  as  the  car  passes 
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each  of  .  two  points.    This  eUMnates  the  time  taken  to  start-  and  stop 

■  V 

the  watch/   The  time  should  be  measured  s^eral  times,  starting  the  car 
at  the  saioe  point  on  the  hill,  and^the  median  time  selected.    The  use 
of  a  bell,  clapper,  and  carbon  paper   viii  allow  tixalng  down 
to  about  1/50  of  a  second. 

A  grapH  should  be  made  of  velocity. vs.  height  for  several 
different  values  of  H.    The  graph  will  resesfcle  the  following: 


1 


Velocity 
(feet/aec. ) 


0  h  1  Us  2  2h  3 
Height-feet 


Fig.  12 


The  velocity  increases  with  the  height,  but  not  as  fast  as  would 
be  shown  by  a  straight  line  graph.    See  Appendix  D  for  the  equation  of 
the  graph • 

The  relation  between  velocity  and  straightness  can  now  he  found 

by  combining  th%  two  sets  of  data,    A  graph  can  be  constructed  by  finding 

for  each  critical  height  the  corresponding  velocity  and  the  corresponding 

straightness*    A  graph  is  then  made  which  might  look 'like  this. 

•  15 

Velocity 
(fejt/sec.) 
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0/2  4  6  8 


St»ighcne88 
(fefct  per  90°  turn) 
Fig.  13/  fG 
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j  The  measurement  obtained  from  the  model  may  be  v^sed  by  the 

children  to  design  curves  for  their  interchanges.*    Or,  tljey  can  use 

}  ^  ! 

the  data/in  the  tables  on  Page  10*    How  do  they  change  fe^t  per  Second 

to  miles  per  hour?    Some  older  children  may  be  able  to  )tigure  that  out 

.if  they  know  that  there  are  5,280  feet  in  a  mile  and  3,600  (60  x  60) 

second  in  an  hour*    Others  may  use  (and  m^ybe  make)  a  conversion  table 

starting  wftth  60  mph  -  88  ft/»ec.    The  children  may  find  that  the  speeds 

they  measured  were  small  iti  ccnnparison  to  normal  highway  speeds*  They 

can  extend  the  lines  on  the  grfiphs  in  Figure  9  and  10  to  d>tain  data  for 

larger  speeds.    This  may  not  be  necessary  if  a  timing  device  is  iised, 

permittiog  timing  for  higher  speeds. 


 -   i 

t  The  critical  speed  for  sliding,!  V^,  does  not  scale  with  the  length  or 

strai^tness.    Instead  (V  )     scales  with  the  lengths.    A  scale  of  one 

foot  per  hundred  feet  wili  then  lead  to  a  (V^)^.one  hundred  times  smaller 

but       only  ten  times  smaller. 
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APPENDIX  A 


Notes  on  Acceleration  (Change  in  Velocity) 


What  is  not  so  obvious  is  that  when  one  is  turning  at  constant 
^   speed  the  car  is  accelerating.  _That  is  because  the  direction  of  its 
velocity  Is  changing,  so  that  it  la  accelerating  across  the  road  towards 
tlie  Insid^  of  the  curve  (centripetal  acceleration). 


arc  distance 


\ 


initial 
velocity 


later  velociTjw 
same  ,slze  but 
different  direction 

V  4- change  in  velocity 


acceleration  -  change  in  velqcity  per  unit  time 

Fig.  1 


For  this  purpose  the  road  must  exert  tbrou^  friction  a  force  on  the  car 
^       pushing  it  towards  the  inside  curve.    The  force  has  to  be  bigger  in  pro- 
portion to  the  cent^petal  acceleration.    The  accele"^iatjpn  is  bigger  if 
there  is  more  Curvature  or  if  the  car'sspeed  is  bigger.    (You  can  check 
that  with  Figure  1.)    The  acceleration  (change  in  velocity)  is  bigger 
'  if  eitJier  the  turning  angle^  bigger  or  the  velocity  arrows  are  longer. 
The  magnitude  of  the  acceleration  is  V28/A.    The  force  of  the  road  on  ^ 
the  tires  must  then  be  the  mass  of  the  curve  times  the  acceleration  to  be 
imparted,  i.e.  F-MV^/A.    The  maximum  force  of  friction  is  given  by  a 
"coefficient"  of,  frictioa/ (depending  on  the  rubbing  surfaces,  like  tire 
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V 


allows  that 


against  yoaci)  multiplied  hy  the  weight,  i.e.  F^^^Mg.   It  fo 

2  '  . 

V  9/A^ust  be  less  than  ,^gto  avpid  slipping  sidewa^rSf    On^good  road 

— stfrfaces  with  properly  inflated  tiresy^  varies  between 'about  2/3  and  9/10, 

cCe^nature  of  the  sv^rface  and  whether  it  is  wet  or  dry,  g 


depending  on 
32  feet  pe^r  sec*  per  sec. 
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APPENDIX  B 


Test  for  Rolling- Friction 


A,  test  of  how  frictionless  the  rolling  is  can  be  made  vepy  easily. 


A  down  and  up  hill  as  in  Figure  2  can  be  constructed 


Fig.  2 


and  a  car  released  at  P.    The  car  will  roll  down  the  hill,  gathering  speed 
and  then  go  up  the  other  side  losing  speed.    It  will  reach  its  highest 
point  at  Q,  at '^a^eight  lower  than  at  P,  by  an  ajDount  the  too t ion 

i$  perfectly  frictionless^  then  h  •>  0.    Of  course,  h  will  not  be  zero,  but 
may  be  itmch  smaller  than  H.    If  h/H  is  about  1/5  or  smaller,  the  velocities 
of  different  vehicles  in  the  valley  will  be  within    5%  of  each  other. 


^0 
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APPENDIX  C 
Distance  for  Speed  H^asurement 


To  measure  the  approximate  velocity  there  should  bC  at  the 

bottom  of  the  hill  a  straight  section  a  f&a  feet  in^ength.    The  longer 

it  Is,  the  more  accurate  the  timing,  but  the  more  slowing  down  will  occur 

during  the  timing.    Running  it  up  a  hill  on  the  other  side  will  be  a 

check  on  the  amount  of  slowing  4own.    If  h  grows  from  loi^of  ^  (for  a  short 

straight  section  to  aboUt  30%  of  H,  then  the  velocity  changes  by'  about  10% 

from  the  beginning  to  the  end  of  the  straight  section.    This  10%  variation 

# 

isn't  serious.  '  *  - 
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\.        ^  APFEHDIX  D 

■  .  \ 

Notes  on  Figure  12 

) 


If  friction  can  be  neglected,  then^the  force  of  gravity  wll IN 
increase  the  speed  of^a  vehicle  from  rest  as  it  r^ls  downhill.    The  re- 
«ultant  velocity  is  given  by 

V  -  J^gH 

indepefidently  of  the  mass  of  the  vehicle,     g       the  acceleration  due  to 
gravity  and  is  equal  to  32  feet/sec/sec  or  980  centimeters /sec/sec .  H 
is  the  vertical^height  of  the  starting  point  on  the  hill. 

r 
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I  In  .riiPi^l(ig  to  the  challenge  In  the  So'f  t  Drink  Design  unit ,  "Invent 
a^new  s^kt  drink  that  would  be  popular  and  produce  at  a  low  cost students  ^ 
often  tak;e  a  survey  of  people's  preferences  on  soft  drinks,    l^n  discussing 
this  data»  however »  students  coxoe  to  the  conclusion  that  a  person's  prefer-- 
^^^ei  might  be  basfid  on  adverti^ng  i4S|>act|^  the  drinks  available,  or  per- 

.  ^   .         ^  ^  *      ^      ^:  ^  . 

haps  color  preference.    They  question  whether  a  preference  Teased  on  an  ob--. 
Jectlve  conqj-arlson  of  several  different  drinks  might  be  different." 

This  paper  outlines  several  ways  In  which  quantitative ,  rather  that 
subjective,  data  can  be  obtained.    Also  Included ^are  Illustrations,  using 
real  difea,  whlcli  show  a  loethod  for  recording  the  data  on  a  chart  cal4ed  a 
qottf  uslop -raatrix.  and  a' way  to  graphically -represent  the  findings  on^^a  map  • 

■  ■ '  -  Q    '  ^ 

called  a  drink  difference  map..   The  next  section  suggests  ^ys  in  which 
..certain  taste  factors  in  the  drinkg,  tested  can  be  determined  frota  the  map. 
%    In  the  final  seetion' the  proportion  of  the  taste 'fetors  which  should  l>€  .' 

^;  •  ■  ■   '     •    ';  .   ••  .■: 

^included -in  a  new  soft  drink  "design  is  derived  from  the  resides  of  thejia^e 


factor  analy-sla  cor&ined  with  prefereflce  data.  .     ""^  ' 

One;  of  the  questions  students  f retiue$itly  ask  is  whether  people  can 


*  e 


;^-Ai^eally  tell  differences 'aiQOurig  several  cola  flavo^e^  drlntcs.    This  Is  an   >^  ^ 
"^^.^-'liflpbrtant  point  especl^iy  If  their  opinion  poH  lncl\^«5s  mo^  than  one  cola 


^  dHnfc^  If ;tastte  t^t  shows  that  pec^>le  ^re.  not  able  to  corrictly  Identify^ 

^ .       ^  ^    ^   •  '  '  •  t  ' : 

the  different  cola  drinks,  fhen  the  preferences  for  different  cola  .drinks  ,  ■ 
cm  theii^ll-cah  be  combined"  t^  indicate  a.'general  preference^or  a  cola 


-ERIC 


i 


drink. 

'>  :  ■  • .  ■  ■• 

*based  on  suggestion^  by  Henry  Poilak 
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After  dlscussiui,  the  factors  involved ^  students  can  usually  design  . 

an  appropriate  taste  '^est*  They  generally  suggest  bllnd^lding  the  par- 

•  •  • 

ticipanta  so  that  any  difference  lin  the  dtink's  color  will  not  be  factor 
In  the  identification.     In  addition,  they  may  see  -that  the  sequence  of 
the  drinks  tastejd  must  vary  so  that  the  participant  doesn't  know  which 
drink  might  be. offered  next.    The  students  might  use  a  random  sequence  of 
I,  drinks  by  picking  numbera^out  of  a  hat  or  they  might  thlvL  of  another  system 
for  mixing up  the  selection  of  drinks..    In  any  case,  participants  know  that' 
there  is-  always  the^  poasibilitx  that  the  same  drink  will  be  offered  two  or 
three  times  in  a  row.  ' 
The  Confusion  Matrl^^  g 


The  ^results  of  participants'  indentlfications  of  the  drin^a  can  be 


recorded  on  a  matrix  which ^As  called  a  confusion  matrix  because  it  clearly 
shows  the  number  of  times  a  drink  is  Incorrectly  identified  ot  "confused.  ' 
The  confusion  matrix  in  flgute  1  show^  the  riBSults  o£  a  blindfold  taste 
test  for  coke 

result^  the  students  tVllipd  a  total  of  ^3  wrong  guesses  and  54  correct 
guesses^    Their  Xionclualol  was  that  people  could  in4pAtify  the 'two  drinks 
correctly  only  55%  of  the  time.  *  ' 


il^d^^psC^^^  by  a  Sth^grade  class.    In  recording  thp 
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Coke 


Peps^ 
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Figure'  1 
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St^ents  should  check  to  see  whether  the  drinks  were  tested  an  eqLual 
number  of  times •    If  nott  the  taXlied  results  have  to  be  ajusted  before 
a  Just  coioparlson  pan  be  made..   In  the  data  shown  In  flgi^e  1,  pepsl  was 
tested  only  one  moxe  time  than  coke.    Students  would  probably  recognize 
that  this  Is  a  difference  to  alter  the  ^sults  significantly. 
The  Drink  Difference  JMap   '  ■ 

,    ^  confusion  data  if  gathered  ^on  three  or  more  d Anks ,  the  results' 
can  be  used  to  determine  some       the  taste  factors  in,  the  drinks,    this  is 
accomplished  by  analyzing  a  map  drawn  from  Che  results  of  the  taste  test. 
Figures  2  and  ^  §Kow  data  collected  on  five  drinks  and  the  drink  difference 
map  of  the  data.    Each  point  on  a  drink 'diffeijence  map  represents  otie  of  the 
tested  drinks;  the  distance  ftom  each  point  to  every  other  point  represents 
the"^  similarity  between  the  drinks.  ^ 
Drink  Difference  Map  brawn  from  Confusion  Data  >     4  . 

Since  points  for  similar'  drinks  shoiild  be  close  together  pn  the  drink  ^ 
difference  map,  the  distances  between  the  points  must  be  inversely  propor- 
tionate  to  the  number  of  dtofuslons.    For  example,  if  pepsi^and  coke  are  con- 
fused  10  times  an4-pepsi  and  rpot  beer  are  Confused  only  5  times,  the  die-- 
t ance  between  the  points  for  pepsi  and  root  beer  must  be  twice  as  great  asr  the 
distance  bewtaen,  the  pepsi  .aud  <!ok6  ^polnts;    We  have  fpund  Ith^t  cl\;ll4^i;i  In 
the  - 5th- through  ath-  ^«^d§S^can;  undarst^d  intuitively  the  idea  qf  Inverse  ^ 


proportions  in  the  cdntext  of  the  real  data  they  have  collected.    In  lower 
grades  we  suggest  another,  method  for  collecting  data  which  asks  students  to 
establish  a  slmdl,arity  rating  for  pairs  of  drinks.    Tfcis  ti^thod  eliminates 
the  problem  of  inverse  proportions  and  is  desc^bed  beginning  on  page  DP 3^-4* 


.  In  qne  blindfold  tasting  e'xperlment  students  t^led  to  Identify  each 
drink  as  grape ,  orange,  mountain  dew»  pepsl  or  4fodt  beer.    The  following 
is  a  iWC  of  the  dfrlnks  confused  and  t^e  nuinber  of  times  they  were  con- 
fused  with  each  otheif. 


/ 


Drinks  "  *  Confusions 

orange  and  pepsl  1  ^* 

mountain  dew  and  pepsl  1 

mountain  dew  jsnd  root  beer  2 

pepsl  and  root  beer  3 

Before  the  drink  difference  map  is  started,  it  helps  to  list  the 
distances  apart  the  points  should  be  plabed.    These  are:  • 

/  Drinks  Distance  ^P^^ 

orange  and  pepsl  •  ^  3  units    ^  ' 

^mountain  dew  and  pepsl  '  '     3  units  '  0 

mountain  dew  &nd  root  beer  11/2  units 

pepsl  and  ro^t  beer        ,  1  unit 

In  this  case  the  points  can  b'6  plotted  f^proxlmately  the  right  distance 
apart  on  the  two-diaenslonai  map  phow^  in -"figure'  2.    However , -with  additional 
data^  the  construction  of  a  more  complicated  two-dimensional  or  even^a  three*- 


dimensional  map  might  be  necessary*  *  (Blgure  4  shows  a  three-dimensional  map 
of  other  data.) 


.  -J 


4. 


*  Rcx)t  '  Mountain 

Orange    ^  Pepsi  Beer  Dew  •  \ 

*  ■ 

'     V-   '  »-  -■  ^-  —  . 


Figure  2 


Drink  Difference  Map  Drawn  From  Slndlarlty  Ratings 

A  drink  difference  map'  can  also  be  constructed  from  data  compiled' from 
similarity  ratings  of  pairs  of  drii^.    Students  Jflrsf  determine  all  the 
different  ways  the  four  drinks  can  be  paired.    In  one  class  pairings  for 
coke,  pepsi,  y-'Up  and  sprite  were  detennlned  to  be: 


coke  and  pepsl 
coke  and  7 -up 
coke  and  sprite 
pepsl  and  7^up 
I       pepsl  and  sprite 
sprite  and  7-*up 


TJie  students  then  rated  each  pair  as  very  similar,  slightly  different 
or  very  different.  This  could  be  done  •by  blindfold  tastings  If  necessary, 
or  by  occasional  tasting  to  refresh  a  person* s  semor^'on  the ^tastes  of  the 
drinks.    The  chart  in  figure  3  shows  the  tallied  recorded  by  a  group  of  8 


children. 


Similarity  Rating 


7 


Pairs  of^  Drinks 

<  ■■  ■ , 

coke  -  P^Hsl 
cOke  7-ut5' 
coke  -  sprite 
pepsl  ^  7-up 
pepsl sprite 
sprirlte  7-up 


ve  ry 

aimllair. 

n 


slightly 
diffident 


very 

different 


r 


t 


ill 


\.  HI- 


Flgure  3 


\ 


,  .     '  •    .     An"  ^proximate  pve^l  similarity  rating  for  each  pair  was  then  obtained^ 
^  by\gl^vlng*l  point  fp^a  }ery  similar  fating,  2  points  to  a  slightly  different  \ 
'  J-^-^t'ing^  and^3  points  f  o^'Cery  dl.fferentS  The  overall  similarity  of  the  ^ airs  ~ 
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*  ^   was  calcul^^ed  as., 


I. 


\ 
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Pairs  of  Drlnka  Degree  of  SlmH>gU; 

coke  -  pepsl    .  approx.  13 

coke  -  7-up  .  ^ 

coke  -  sprite  20 
pepsl  -  7-up  V      "  22 

sprite  -  7-up  ,  . 

I 

A  drink  difference  map  can  now  be  constructed  so  that  the  distances 


between  the  drink  pointy  represent  the  slWarity  ratings.  Figure  5  show 
such  a  maf).  It  was  found  that  a  three-dimensional  representation  was  ne- 
cessary  in  orde^^o  locate  the  points  the  appropriate  distances  apart. 


Coke  •*  Pepsi 


sprite 

Iff 

J-Up 


Oiildren  can  try  iarlous  methods  o'f  constructing  a  thjj^e- demensional 
map.    One  sttggestion  is  to  use  Q.-tips  of  varying  lengths  and  gli»  the"  col^on 
tips  together  t^  make  a  drink  point,    The\lfferent  -Joints  might  then  be 
dyed  different  coL&«  to  8*iow  clearly  ^e  diffferent  dfiiiks. 
/      Using  A  Prink  Dif  feWnce  Map  to  'Determine  tas^^e  -Factors  and  ^  li?eW/Drink' 

After  thexmap  haA  been  constructed- the  students  c^  dl^uss  how  the' 
position  of  points  mlfeht  show  certain  taste  Yaqtprs.    This  discussiorf  is- 
facilitated  i^  the- students  think  about  the  various 'planes  that  mlghtf  inter- 
sect  ihe  i^p»        ^         ,  .  \^    ;        '      -  L 
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One  possible  dkalysis  of  the  laap  is  shown  in  figure  5.    One  plaae  , 
might  represent  a^fact^or  of  sweetness,  wltW" sweeter  drinks  appearing  at 
one  end  61  the  plane  and  l^s  sweet  drinks  at  the  oth^r.    Another  plane 
night  show  the  tartness  factor,  while  still  another- the  difference  between 
cola  and  fruit  tastes.    The  determinati'on -of  thefee  factors^s  subjective. 
Howewr,  students  can  check  their  hypotheses  by  condujcting  another  test 
that  rates  the  four  drinks  according  to  the  factors  they  think  are  important 


Coke  Pepsi 


\ 


/Igure  5 


The  children  might  want  to  add  a  fifth  drink  to  their  map.    This  would 
help  to  Identify  th^.taate  factors  Involved,  ^ 

The  final  step  in  using  the' drink  difference  map  to  help  in  the  design 
of  a  new  soft  drijik^.ls  to  -show  the  results  of  the  ptiefeifence  ^oll  on  the 
xaap  d^id  indicate  *the  region  of  tnaxinmm  preference.    On  a  preference  poll^^ 
real  data  on  1st  choices  for  the  four  drinks  illustrated »was  found  to-be;  • 
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Drloic  .  Ist  choice 


coke  ^  11 
pepsi    '  6        . '  ' 

'  -  7^up  ^  ^  11  .  ^ 

sprite  2 

This  data  Is  shown  on  the  itop  tn  figure  6  with  tlm  region  ,of  maximum 
preference  also  imdlcated.    The  children  try  to  design  a  drink  with  a  com- 
bination  of  factors  which  would  ^ocate  the  new  drink's 'point  within  the 
area  of  preference  indicated  on  their  loap. 


Area  of \ 
maximuni 
preference  ^ 


Sprite  (2) 

*»  ^  •r-up  (11) 
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ELECTROMAGNET  DESICM 
by 

Earle  Lomon 

Introduction        '   -  J  ' 

 ■  ■      .  .■  's  ■ 

Material  in  this  background  paper  is  fairly  advanced  foK  elementary 

^  '  # 

school  teachers  and  students.    The  strength  of  an  electromagnet  is 

•  detemdned  by  two  -related  factors,  the  design  of  the  electromagnet  and 
the  amount  pf  current  going  through  it.-  To  conq>licate  thin&s  further", 
the  current  is  detenained  not  only  by  the  design  of  the  electromagnet 
but  'also  by  the  total  "voltage  of  .she  batteries  being  used.    The  drain  on 
batteries  is  another  factor  that  should  be  considered. 

The  most  important  thing  for  -children  to  realize  is  that  any  change 
in  the  design  of  an  electromagnet  must  be  assessed  not  only  in  terms  of 
the  strength  of  the  magnet  but  also  in. terms  of  the  wear  on  batteries. 
They  can  liscover  by  .experiment at icki  that  the  best  balance  between  the 
two  factors   usually  achieved  by  winding' more  layerS  of  a  thinner  wire 

■  y 

on  a  shorter  coil.,  ^ 

The  first  section  of  the  paper  describes  several  ways  in  which  the 
* 

design  of  an  electroma^et  can  be  Ranged.    Experliaents  that  children  can 
conduct  to  determine  the  effect  of  these  ch^ges  on  the  strength  of  an 
electromagnet  are  also  described.     Real  dat^  collected  in  similar  experl- 

4  J 

ments  is  included;  in  some  cases  it  is  represented  graphically. 

For  teach'ers  wh(^  are  interested  in  the  mathematiscs  of  coll /design, 
.an  appendix  is  included  that  giVes^the  basic  formulas  and  aesoriptions 
of  the  effects  of  variations  in  the   various  deaign  factors. 


•*    An  elect romagiet  is  usually  cons t rue tl^d  with  the  following  charac- 
teristics:   a  long,  conducting  wire.JLa  wound  uniformly  around 


a  cylindrical'  core,  always  turning  in  the  same  directi<]^.    The  core  is 
often  soft  iron.    Se-v«ral  layers  of  wire  may  be  wound  on  the  core  going 
back  and  forth  along  it^  length.    A  battery  is  connected  to  the  two  ends 
of  the-  wise.  ■  . 


Insula&ed  wire 


width  of 
coll 
Indicates 
4tQ.  of  layers 


iron  bolt 
used  for 
core 


of,  wire 


turns  of  wlret 
going  In  saae^ 
direction 


len^k  of  coll 
Figure  1 


to  bat 


When  children  e:H:amlne  the  different  electromagnets  thiey  have  constructed, 
they  may  notice  that  the  electromagnets  differ  in ^several  respects  as 
follows: 


1;    lengtii  of  coil 

2.  i  fluaber  of  layers 

I  '  ' 

3.  j  size  of  wire  ^iised  (^ameter) 

4.  thickness  of  wire  insulation 


5.    size  of  core 
CMlferen  may  also  use  more  th^  one  battery  in  their  teats- 

The  effect  that  each  facto^has  on  the  strength  of  the  el^ct^^magnet 
caiibe  detertoliied  by  conducting  single  experiments.    In  conducting  their 
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experiments  children  must  make  sure  that  they  use  iron  objects  with  easily 
con?>arable  weights;  for  example,  heavy  duty  paper  clip^S  strimg  together  or 
different  lengths  of  iron  rgds.    Th^y  must  also  make  sure  that  the  object 
has  only  one  ^oint  of  contact  with  the  core  of  the  electromagnet, 
e 

« 
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The  pull  of  th?  -electromagnet  on  iron  objects  is  strongest  if  the 
«  # 

object  is  placed  inside  the  core.     However,  sim:e  it  is  usuarlly  impossible 
to  put  an  object  inside  the  core  (because  the  core  is  solid  or  the  hollow 
space  is  to^small),  it  is  usually  placed  at  one  end^of  the  core.  The 
pull  on  the  object  then* decreases  rapidly  as  the  object  is  moved  away 
from  the  end  of  the  coil.  v  , 

As  iron  has  a  magnetic  permeability  hundreds  of  times  larger  than  any 
^  Gather  materials,  , it  is  clear  that  one  wants  an  iron  (or  steel)  core  for 

^  sheer  strength.     However,  there  are  disadvantages  to  the  use  of  iron 

'cores  for  certain  applications.     The  only  drawback  of  much  consequence  for 
USMES  application  is  that  of  residual  magnetism.    When  the  electromagnet  is 
turned  off,  the  iron  will  retain  some  of  its  magnetism,  having  become  a 
"permanent"  magnet.     That  can  cause  difficulty  if  It  Is  desired  that  all 
objects,  even  small  ones,  drop  off  the  electromagnet  when  the  current  is 
turned  off.    Also,  the  addition  of  permanent  magnetism  may  confuse  the^ 
^  results  of  the  experiments.     Soft  iron  does  not    retain  as^  much  magnetism 
as  hard  steel,  so  the  use  of  ^oft  iron  minimizes  these  problems.  If 
necessary,  the  core  can  be  demagnetized  by  reversing  the  current  for  a 
short  period;  or  by  turning^  the  core  around,   if  it  Is  loose,. 

»  nickel adii  urn  batt 


In  addition  tol  the  abo^je  constraints,  .nlckel-cadriiium  batteries  must 
be  used  in  quantitative  experiments  because  this  is  the  only  type  of 
aattery  which  maintains  a  constant  voltage  Aintll  the  moment  when  the 
current^has  hien,  ccptpletely  drained  and  tbe  voJ^age  is  zero.  . 


■'J 


In  searching  for  a  way  to  make  stronger  electromagnets,  children  should 
decide  first  which  variable  they  think  is  important,  and  then  make  some 
change  in  that  factor  while  keeping  everything  else  the  same.     Some  possible 
graphs  that  they  can  construct  from  their' data  are  as  follows: 

1.  strength  of  magnet  as  shown  by  length. of  rod  (number 
of  metal  squares  or  wei^t  of  irregular  object)  vs. 
number  of  batteries  in  series, 

2.  strength  vs.  length  of  wire  (same  number  of 
batteries,  same  length  of  coil,  more  layers 

of  wire) ,  -  .  • 

..3.    battel^  life  vs.  length  of  wire  (all  else 

equal) ,  '  * 


I     .4.    strength  vs.  diameter  of  wire  (same  length 
of  wire  and  same  length  of  coil) , 

5.  '  battery  life  vs.  diameter  of  wire  (all  else 

equal)  , 

6.  strength  vs.  thickness  of  wire  insulation 
(s^me  diameter  and  length  of  ^re,  same 
length)  of  coil)  , 

7.  strength  vs.  neatness  of  winding  (all  else 
equal)  , 

8.  strength  vs.  length  of  coil  (san»  core,  same 
diameter  and  length  of  wire>,  .  ' 

9.  strength  vs.  cor6  ,diati«ter  (.all  else  equal), 

'    10.    strength  vs.  core  material  (all  else  equal), 

•  11.    proportionate  st;Tengthr  vs.  area  of  object  in 
contact  with  magnet  (all  else  equal). 

The  various  factors  'in  the  design  of  an  electromagnet  that  affect 
its  strength  are  described  in  following^ections . 

1.      Length  of  Coll 

It  is  not  the.  total  number  of  tur^  of  wire  that  makes  the  pull 
stronger,  but  the  nijHEbfer  of  turns  per  imltj^ength.    Therefore,  a  stronger 
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electromagnet  can  be  made  by  winding  a  certain,  length  of  wire  in  many 
layers  on  a  shorter  coil  rather  than  in  one  layer  on  a  long  coil.  There 
will  be  soiae  gain  in  strength  if  the  coil  is  made  as  long  as  the  average 
»   radius,  but  little  will  be  gained  by  making  ^t  laager.    The  optimal 
dimensions  for  a  coil  are  shown  below  in  fig.  2.  ^ 


X 


average  radius 


Figure  2 


2.    Nuriiber  of  Layers       Wire  ^  . 

Many  turns  of  wire  must  be  wound  on  a  coil  to  achieve  the  above 
dlinensions.    .This  increases  the  turn^  per  unit  length  mid  the  strength-  ^ 
of  the  magnet.-    However,  as  each  additional  layer  is  added  more  wire  Is 
required  to.mak^»one  turn.    This  wilf*add  more  resistance,  reducing  the 
current  and  the  strength  of  th^  magnet.    The  best  balance  between  these^ 
two  factors  la  found  when  very  thin  wire  is  i;sed. 

There  is,  however,  an  advantage  to  increasing  the  length  of  any 
diameter  wire  until  about /lO  feet  of  wire  is  being  used.   -The  following, 
data  and  the  g|aph  in  figure  3  shows  that  10  feet  of  ^  or  //26  wire 
wound  in  a  one^inch  long  coils  produced  greater  pulls  than  coils  made  with 


either  less  or  more  wire. 
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length  of  wire 
in  feet 

5  \ 
10 
20 
40 

5 
10 
20 


Length 
of  3/8" 
dia.  rod 
picked 
up 

(inches) 


r 


wire  size 
(dlaaeter  in  inches) 
#22  (,025  ) 
#22  (.025  ) 
#22  (.025  ) 
m  C.025  ) 

#26  (.016  ) 
#26  (.016  ) 
#26  (.016  ) 


length  of  rod 
'in  inches 

43 
54 
48 
44 

23 
30 
24 


• 

-1- 

f  it 

J.  

1 

-(- 
M 

r 

>• 

• 

t 

* 

■s' 

k  1 

) 

^( 

3 

Figure  3 


^  Increasing  th^  length  of  wire  evepi6re  will-  pay  If  one  Is  trying 
to-  Jcono6LEe  on  batteries.    Usi^g  twiil as  mt^ch  wire  will  halve  t^e  V 
curran/and  doti.lKt>e  battery  .life:    Ilie  inagnet  will  lose.a  l^ttl^  ' 

.creasing  th*  current^is  partially  overcome 


gtrength  since  the  effect  oi^  dec.  

by-an-increaal'-in  tHe  number  of  turns  of  wire  per  unit  length.  The  data 
below,  shows  that  an  electromagnet  wound  with  6lJ/feet  of  wire  held  up -a 
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majtimum  weight  almost  twice  as  long  .as  an  electromagnet  wound^with' 40 
.  feet  of  wire. 


length  of  wire- 

in  feet 
^  20 

AO 

60 


Length - 
of  time 
magnet 

held 
jrod  u 
(min 


size  wire 
Cdiameter  In  inches) 
#28  (.013  ) 
#28  C-013  ) 
#28  (.013  ) 


Length  of  Wir^  (feet) 
Figure  A 


length  of  tiae  rod 
was  held'  up  in  mln. 
93 

142 

274. 

f 


V 

> 

« 

* 

- 

> 

ft 

/ 

• 

H 

i- 

) 

> 

1 

c 

...  ... 

< 

0 

0 

0 

3.      Sljse  of  Wire  Used 

IC  a  smaller  diaaeter  wire  is  used,  one  can  wind  more  turns  of  wire 

in  the  san^  length  and  widt^ 'of  coil  increasing  the 'magnetl c  pull-  However,* 

this  also  increases  the  length  of  the  wire  used  and  reduces  fhe  Magnetic  ^ 
e 

m  * 
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4. 


/ 


pull  by.  reducing  the  cur-rant/    If  a.  wire  with  half  the  ^aineter  is  used, 
the  \>uXl  of  the  magnet  will  be  ^reduced  to  one  quarter  of  what  it  was. 

-  ■    Hovfever,  by  usitig  a  thinner' wire  we  are  reducing  the  current  and  the 
•  cesultant  drain  on  the  battery.     A^magnet  one  quarter  as  strong  wilf  drain 
'    the  battery  at  only  .one-sixteenth  of  the  previous  rate.     Figure  5  shows  . 
that  an  electromagnet  wo«nd  with  20  .feet  of  thin  wire  heVd  up  a  maximum 
weight  more  than  10  times  longer  than  a  similar  coil  wound  with  thicker 


wire. 


Length  of 


helc^rod  i 
(minutes) 


size  wire 
(dlq^meter  in  inches) 

#22  (.025  > 

#28  (,01^^.)  ^ 


time^  rod  was  held 
up  in  minutes 

'/ 

93 


Diameter  of  Bare  Wire  (Inches) 
Figure  5 


< 

f. 

f 

t.  -  — . 

c 

■  t  lu      1  ^ 

s 

4 

 ^ 

< 

f  . 

- 

IS-' 

) 

.00 

.0/ 

0 

1 

iO 

.0. 
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The  strength  ftf  the  -thijirwire^  coil  used  in  the  above  experiment  was 
only  1/3  the  strength  of  the  other  coil.     If  we  put  enough  batt9*ries  in' 
series  to  make  up  for  the  loss  in  currant,  producing  the  origihal  magnet 
^strength,  each  battery  will  .d^rain  1/3  as  fast.    This  is  an  advantage ^  for 
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many  applications,  e.g,,,the  da,vic^  will  run  three  times  as  long  as  the 
same  total  cost  without  somebody  replaidlng  batteries. 

4,  Thickness  of  Wire  Insulation  '  -  " 

Wire  used  for  electromagnets  must  be  insulated.    Otherwise  short 
circuits  will  occur  and  the  electricity  will  not  flow  around  all  the  loops. 
Thick  insulation  will  keep  clown  the  nusfcer  of  turns  per  unit  length.  There 
fore,  wire  with  thin  insutktion  such  as  varnish  is  preferred  for  magnet  con. 

f  M  , 

'struction.    The  following  data  shows  how  the  use 'of -insulated  wire  reduces 
magnet  strength*  .  ^ 

length  *tod  held.  up 
type  wire  (in  Inches) 

-  enamel -"Insulation  *  36 

#24  -  plastic  Insulation  ,  29         •  . 

5.  Size  oi  Core'         '  '  "  * 

When  an  electromagnet  is  wound  on  a  larger  core,  the  pull  of  the 
magnet'       a  single  point  of  contact  will  be  decreased.    One  reason  for  - 

■  C  ■       "  • 

this  is  th^t  the  length  of  the  wire  must  be  Increased  In  order  to  keep 

the  nuEober  of  turns  per  unit  length  o£  coil  the  same  -  this'^eduees  the 

«  * 

current  and  the  pull  of  the  magne^t*    However,  if  the  iron,  object  b^ing^  * 
picked  up  is  large  compared  to  the  size  of  the  core  the  total  pullywill 
be  larger. 

Therefore,  one  gains  .by  making  the,  core  larger  until  it  becomes 
'larger  than  the  object  being  picked  xxp.     Any  further  increase  in  core  size 
results  in  a  decreased  total  pull.  ( 
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6.     Increaalng  the  Voltage 

The  voltage  Is  readily  changed  by  using  different  batteries  or  by  > 
using  several  in  series.     If  the  voltage  is  dyxd?led,  this^.will  appro3ii^ 
mately  double  the  current  and'th^  stirength  of  ttie  magnet;ic  pull.    Figure  6 
shows  the  increase  in  strength  as  the  voltage'  is  doubled  and^^ripied  by 

^\-:      "        •  ^■ 

putting  batteries  in  ^eri^.    Twenty  feet  of  #22  and  #28  wire^were  wound 
on  2"  long  coils,  which  were  then  tes^d  for  strength  at  each  of  the  three 
voltages.  • 
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no.  of.  batteries 
In  series  V 

/ 

1 
2 
3 

1 

.  2 

3  i 


Length 
of  3/8"  . 
dia.  rod 
picked 
up 

(inches) 


wire  size^/ 
(diameter  In  lnche;ff ) 

#22  (.025  ) 
#22  (.025  ) 
#22  (.025  ) 


J 


#28  (.013  ) 
#28  '(.013  ) 
#28  (.013  ) 


leAgth  of  rods 
In  inches  • 

49 
66 
76  • 

15- 
37- 

52  ^ 


N\injber  of  batter4.es  in  series 
>    '  Figure  6 


4 

f 
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 y 

H 

r 

/ 

1 

L 

• 
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The  utility  of  putting  in  m|^re  voltage  will  be  limited  by  the  power  ^ 

dissipated.'  At  some  point,  the  magnet  is  going  to  get  too  hot  for  safety 

./ 

*or  for  its*  insulation.     Also,  the  batteries  are.  draining  proportionately  s 
t*»  the  current  and  the  number,  of  batteries  in  series.    So  twice  as  much  ^ 

"  # 

magnetic  .foSce  costs  four  times  as  much  In  batteries.    This  method  of 

"  ♦       ■  i-  ' 

^  %' 

.increasing  magnetic  strength  costs  money •  , 


i 


« 

/  0 


■  '0 

r    .  'I 
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■  '      ,  ■      ;  APPBNDIX  A  .  .     ,.  . 

Formula  for  Magnetic ^Fleld- Around  a  Splenoid   '  " 

-     The  ^x/rce  on  an  irpn  object  'i&  propor^riorial  to  tVie  magnetic  -field  i^t  ' 

is  in.     That  magnetic  field  for  a  solenoid  (which  is  the  name  g^iveti  to  the  . 

L  i  '         ,  ^  .  \ 

coil  of  wire  described  above)  is  along' the  axis.  /  ^ 

B  h.I^(cosV+CosB/)  ?,  (1)' 

^ere        (the  magnetic  permeability)  depends  on  thi  material    of4;he  core,  •  - 

"  >      *  '      *  *   '  /  '  i  , 

n  is-t:he  number  of  turns  of  the  wire  per  unit  length;  I  is  the  , current  in 

the^wire,  and  Of  ^nd  ^  are  the  angles  subtended^at  e^ch*  end  of  tlhe  coil/  . 

The  dbsine  of  tlfe  angles  are  determined  by  the  length  of  tl^^e  'coil  (L) ,  the. 

radius  of  |:he  ^1  (r),  the  dist^^e  ol^the  iron  object  isj  from  one  end  of 

the  coil  (d>,  and  the  distance  it  is  from  the  other -end  of  the  cdlj  (L  d). 


\ 


(See  Fig.  1  and  equations  2  and  3). 


Figure  1- 


cos  6  -  ^^}4^^| 


XT 


Notice  that  at  the  ends  of  the  coil  d,=  o  or  cQ?  L  and.: 
>Jhile  at  the  center -of  the  coiled  «  1/2  L  and: 


-1.(3)  • 

?  

(4) 


(5> 
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,    '  At  most,  one  .can  only  double  the  strength  by  trying  to  get  inside 

the  core.     This'  factor  of  two  is  obtainable  orily  with  a  very-  thin  coil 


\  I     f\J  smai;i  coiapared  to  C) ,  ^then:     -  •    '.  ;  . 

'       ^  .  •  .  '  .  •  •  .(6) 

*  •  »  *  ■ 

However,- with  a  thick  coil  (L  small  compared  to  r) :  ' 


(7) 

and  consequently  no  advantage  is  gained  by  going  inside  the  col%.i. 

'  A  '  , 

[Note*  also  that  if  one  is  outside  the  coiT  then  d  must  ^considered 
as  negative',  so  that  ^cosOCis  negative  and  subtracts  from  eosH^  ;    At  . 
large  distance^  from  the  coil  the  two  terms  cancel.    Thus  Ihe  magnet  field, 
A      deceases  rapidly  as  one  moves  awa;^  from  the  end  of  the  coil]. 


14 

'^/,-  •,  •  ^- 

\  '     '  •  .  .   APPENDIX  B  ^  "  ' 

(         ■      ■•       ,  ■ 

.    ,  Length\?f  Co:^l  . 

The  length  of  the  coil  comes  in  throug^i  the  factor  (COS^^COSfij 

iji  equation  1  (Ail-pendlx  A),   ^Assuming  that  the  ircn^object  is  being  held 

/  .    •  ^     \^        ^  ^-  ' 

^  at;  the  end  of  the  cofl:      ^  •  <,  ^ 

If^  the  lengt;h  j[L)  is  made  very  small,  then (b*  ^-♦•CaS becomes  ' 
siaall.    However,  if  the  length  equals  the  radius  (L  -  r^ ,  then  \CO%  0l-^CO5 
approximately  0.7. 
No  matter  hoi^  J.ong  the  poll  gets,  (coS>y\  -^Cc'SS^    can  never  become  ^ 
large  as  1.    Therefore, ^little  can  be  gained  by  making  th^  length  larger 
\  than  the  radius.     In  fact  as  L  goes  from  1/2-f.to  r  to  2  r ,(p>S<* "^C^^^J 


goes  •■a  GP.45  to  0.7  to   0,9.    Each  increase  is  less  than  a  factor  of  2.  ^• 

But  when  the  leng&h  of  the  coll  Is  doubled,  the  jiumOBr  of  turns  per  unit 
length  is  halved.     If  the  length  o'f  wlre^  is -^doubled  to  keep  the  numi^r  of 
.  turns  per  unit  length  the  same,  the  current  is  halved.    Either  way  we  uose 
moee  magn^ic  field  strength  than  ^e  gained  ti^  increasing 

If  when  the  length  of  coil  is  doubled  ane  ai^Bo  doubles  t;he  len-gth  of 
^^wire  (to  keep  the  numbei  of  turns  per  unit  length  as  large  as^lt  was)  and 
.doubles  the  voltage  (to  keep  the  current  as  large  as  it  was),  thJn  the  , 
magnetic  field  is  increased  by -the  increase  in  but  less 

than  a  factor  of  2.     But  the  batb^ery  cost  is  twice  as  great  (the  same  , 
^  ,  culrrent  from^^twice  as  many  batteries).    ThiTs  the  maisnetic  field  strength 
^galn^is  nc^^proportional  -to  the  cost.  '  i  ' 

Un^il  the  l^gth  of  coil  equals  Us  radius  the  gain  in  strength  ^ue  to  - 
an*  increase  in  c6il  length  is  nearly  proportional  ^ to  the  cost  ancf  will  be 
worth  it  if  morfe  strength  Is  still 'needed.  * 


/ 
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tnc reusing  the  Volt'ag^e 


■  •  ■  ■ .    ■ '  ■  ■ , 

The  current  Is  proportional  to  th<  .magnetic  pull  (See  equationj 1  ) 
It  depends  on  the  voltage  and  ''the  resistance  of  the  circuit.     This  is  shovm 
in  equati&n*^  where      is  the  current,  V  is  tlie  battery  voltage  (or  of  a 
serines  of  batterie>^  and  R  is  the  total  resistance  of  the  circuit. 


I 


(8) 


The  tota^  resistance  is  the  sum  of  the  wfiPe  resistance'.  (R  )  and  the 
.internal'  resistance  of  the  batteries  (Rg)»  '  > 


\ 


R  =  R    +  R 
w 


E 


.(9) 


The  current  is  bigger  as  the  voltag/et  is  bigger,  or  if  the  battery 

■      "     '      '  '  • 

reslstai\ce  and/or  the  wire  resistance,  is  smaller.. 

When  aciding'batteries  (or  u*8ing  one  witl^  a  larger  voltage)  one  will  also 
be  changing  the'  resistance  In  the  circuit  due  to  the  internal  resistance  ^ 
the  batteries.     For  strong  electromagnets,  however,  one  usually  has  enough^ 
wire  so  that, -the  battery  resistance  is  only  a  small  part  of  the  total 
resistance.    Wh€!n- that  is  true,  doubling  the  voltage  will  a^ppoximately  ^ 
double  the  current  and  the  pull  of  the  magnet. 

The  rate  of  using  power  is  proportional'  to  the  voltage  4:hat  the  charges 
go  through  and  to  the  number  of  charges -per  s^ond 
through  that  voltage.    The  energy  loss  per  second  (power  loss)- is: 

p  ^  I  V  •  ■  , 

/      •  ,  '    ■  . 

Using  equation  8  we  aee  that:  .      .  ,  »    -  ,    ■  - 

•        1  9     '        '  J  • 

p  »  R  and  P  i=  R 

If  ye  double  the  voltage  keeping  thp  same  wire^^^tHen  th^ current  doubles  - 


(i.e.  the  current)  going 


(10) 


(11) 


^*d  equations  10  and  11  show  ^h*t  the  power  has  quadrupled  (dpu^le  vbltage  x 
dotible  current)..  , 


1  . 


^.  APPENDIX  D 


•    -         ^       •  "      •    Length  of  Wire  Up^d  ^ 

Wlien  the  length  of  wire  is  changed',  the  total  resistance  of  the  wire  . 
is  changed.     The  resistance  of  wire  is  given  In  equdtio^l2  below  where  ^ 
is  the  length  of  wire^/^is  the  resistivity  of*  the  metal  Vxsed,  and  A  is 
the  cross-'sectional^area  of  the  wire.  4^ 

R»<5rA      \  (12) 

The  area  is  •proportional  to  the • square  .of  the  diameter  of  the  w^re.    >  . 

The  total  resistance  in'  a  circuit  jLs  the  sum  of  the  wire  resistance 
and  the  internal  resistance  of  the'battery.  ^The  current  is  detennifted  by 
the  voltage       the  battery  and  the  circuit  i?esistance  as"  shown  in  equation 
13  below  where  I  is  the  current,  V  is* the  voltag^,  R    is  the  wire  resistance, 
.and        is  the- battery  resistance."     ,       ,      ^  " 

\        .  *  {  -     V  '  .(13) 

When  the  wire  resl^nce^  is  not?-  large  comparjed  to  the  battery  resistance 

•  * 

then  tl^e  total/resistance  is  not  increasing  i^roportionately  to  the  ^length»  of 


wire.     So  there  is  an  Advance  to  increasing  the  wire  length  unt;i|l  the  wire 
resistance  i:S  several^  times  the  battery  resistance. 

The  more  ^layers  of  wire  on  the  core,  the  larget  thfe  radius  of  each  turn. 
Therefore  the  number  ^of -turns  per  unit  length^c^^s  .riot  increase  quite  , as 
fast  as  the  length  of  wire,  while  the  resistance  does- increase  that  fast. 
Therefore  one  will  not  want  to 'increase  the  length  of^the  wire  much  more'  ^ 
once  iits  resistance  is  several  times  ^he  .battery  resistance,   if  one  is 
trying  to  get  the  maximum  strength.     H«fwever,  if  one  is  trying  to  economize 
on  batteries  a^d  i^  content  with  a.  little  1^'ss  strength ,  then  using  twice 
as  much  wire  will'  about*  halve  the  current  and 'about  double  .the  battery  life, 
while  incre^ing  tbe*'rad'lus  (and- therefore  decreasing  the  add^d  ni^ber  of 
turns)  by  much  less  than  a  factor  of  2.      •       ^  '  ^ 
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,  APPENDIX  E  ,    ,  . 

Wire  Diameter    .  v  . 

 .  ,  

•  As  the  cross-'sect?ional  area  of  the  wire  is  proportional  to  the  squaji^e 

of  the  diameter,  decreasing  .the  diameter  by  a  factor  of  two  will  increase  the 
7     ♦        •  «  .  ' 

resistance  by  a  factor  of  .4/  hence  decreasing  the  current  (if  the  battery 

*  •  '  \ 

resistance  is  unimportatfE)  by  a  factor^  of  4.     On  the  other  hand,  one  can 

now  wind  four  times' as  many  turns  in  close- ^ackir^  in  the  s^e  length  and  \ 


N.....  


thicknes.s'^0^  coil.    Of  course  t-he 'wire  would  then  al^o  be  four  times  as 

'  ^  ^        '  '      '         ^      t  *  •      .  ^ 

long;  so  the  resistance  Would  be  ^sl!f*eenUiEaes. greater  (four -times  due  to 

decrease  in  diameter  and  four  times  due  to  increase'  in  length  of  wire).  With 
the  same  voltage  the  current  wd^|^\^e  down  by' a  factor  of  n^rly  16.  ^  | 

\here  arey  four  times  as  many  turns  per  unit  ien^^fh  the  magnetic  field  will  ! 
be  4/16  -  l/4^f  what  it  was.  - 

So  we  shouldn't,  decrease  the  diametar  ofH:he  wire?    On  the\ contrary : 


^ith  one  sixteenth  of  the  current  from  the  same  -battery  we  are  (draining  th« 


battery  at  one  sixteenth  of  the  previous  rate,  getting  a'  magnet  only  one  ^ 
fourUj  as  strong.     If  we  put  two  batteries  iga^eries  we  wilr  double  the 
current  and  g^qt  back^^  to' one  half  of  o«r  orlgi,nal  ^magpetic  strength.  The 
power ^se"^ will  go  up  four  times,  (twice  the  current  through  twi^je  aa  many 
batteries)  which  is- still  ouly  one  fourth  of  the  original  power  use  !or 
one  half  of  the  csWfiginal  magnetic,  strength. 

What  if  fte  double  the  .vparfage  again  to  four  batteries  in  series?.  Then 
\we  have  Che  original  magnetic  strength  (four  times  the^r^gdnal  number  of 
turns  per  unit  length,  at  one  fourth  ^  the* original  current )^with  .the 

original,  cost  in  use  of  battertes  (four  times  as  many  batteries  draining 

%  '  '       •       '  ■'  . 

one  quart^er  as  fast).     There  still  is' an  advantage  for  many  appllqatipns  - 

the  device  will  run  four  times  as  long  without  somebody  replacing  batteries. 

/  *  '         -  r  :>  •     •  y 
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APPENDIX  P 


*  Diameter  of  the  Core 


For  a  fixed  length  of  coil  the  f  actor  (foS^-tOafiS^ ,  dejcreases  8lowly> 

^as  the  radius  of  the  core  increases,  thereby  decreasing  the  magnetic\f ield •  *> 

(See  Appendix  B*).     The  magnetic  field  al^o  is  decreased  by  an  Increase  in 

* 

the  length  of  the  wire.    The  length  of^  wire  must  bg  increased  in  proportion 

to  the  increas^  in  the  core  radius  (for  k  thin  winding)  if  the  number  of 

t'     '  ■  ^     '  ' 

turns  p.er  unit  length  a^fe  to  remain^ the  same.     If  the  winding  is  already 

thick  (many-layered)',  then  increasing  ihe  ©ire  radius  leads  to  lesS  than  a 

proportionate  increas^  in*  the  length  of  wire  (for  a  fixed  ftumber^  of  turns 

per  unft  length).  f  ^  /  ,  . 

Howe^r,  there  h»  a  compensaiiag  effect  if  we  are  picking  up  andiron 

objecC  that  is  large  comparec!  to  the  core  cross-section.    Th^  magnetic^^f  ield 

induces  magnetism  in  th%  ifon^ object  being  picked  up  over  the  whole  ar#a ' 

within  the  field.     Thus  if  the^piece  is  larger  than  th^  core,  as  the  core,  . 

area  Increases  the  induced  magnetic'  area  increases,  and  the  , pull,  increases  in 

proportion.    The  area  covered  by  the  core  is  Ijr^so  for  large  objects  one 

gains  by  going  to  larger  core.    Once  the  core  *cro887sect ion  is  bigger  than  tHe 

-  r  ,  ■  ' 

piece  to  be  picked  up  one  oi^y  lokes  by  increasing  £uirn.h-ir  the  diaineter 


one  only  1< 


of  the  core,  v  '  ^        >  ^  ^ 


*  The  r  in  equation  (4)  applies  t^^the  core  radius  especially  when  t^e 
.     magnetic  field  at  the  end  of  the  cone  is  being  investigated.  * 


APPENDIX  G 


'U€&  Qf  rr  on,  Co  r  e  6 


^    .   Whfea  tfie  electromagnet  is  'turned  off,  tlie  irofi*  core  will  retain  some 

>        '         »        ^    *    -  '  . 

residual  magnetism  ^hich  may  effect  magnet  experiments^,  t 

For  instance.^f  ^wo  .  ba^^lBs- sc^j^gii^ 
battery  Is  remc^i^  then  igt,^^^^ 
^^^i.%^^e  1aiagr^p9^^ull •   "If  the  battery  resisttfhc^  is  not  negligible 


comparied^^  the  Resistance  of  trhe  wire,  t^en  the  expectaflon  is  a  little 
more  than  half,     (See  Appendix  C),     But  t^he  doub4^"curf ent  ma^  have  caused 
a  high  residual  magnetism  which  weul'd  change  the  predicted  ratio  by  increasing 
the  magnetic  pull,  i  ]  ' 

Soft  iron  doeS  not  keep  as  much  magnetism  as  hard  steel,  so  the  use  of 
*^soft  iron  minimizes  those  problems'.    The  core  can  be  demagnetized  by  reversing 
^Hhe  current  for  a  short  period;. or  by  turning  the  core  around,  lf.it  is  loose. 


ft 
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.    \   -^IS^S  tiucition  Devslopm?^\C^n'?r.  Inn       "  -^ 

IMPpRTANH  ASPECTS  OF  PlXyGROUND  DESIGN 
Playgroufad  Design  Group-1972  Boston  Sufiimei:  Workshop 


General  Considerations 


It  resulting  In  a  f  inished 'playground  could  be  e^sperlenced,,  The-tiioe 


^  \,     Shot^  the  focus  of  the  unit  be  on  the  design  of  new  fequlpmenfe/  fhe 
actual  construction  of  the  playground,  the  layout  of  the  gypund^,  or^ a 

•*     •        •  ^ 

*■  •  >  ' 

coBbinatiqn  gf  these  ideas?    Lt  would  be  ideal  if 'every ' stage  of  develop- 

required  for  the  complete  process  Is  a "relatively  unimportant  factor •  •  > 

What  materials .afe  available?    Perhaps  the  chiJ^reh  could  find 

scroungable  items  that  aj"^.  native  to  their  area  (i.et  ^n  old  boat  or  cargo 

net  In  a  coastal  region).     The  ch:^dren  should  have  an  opportunity  to 

r  ' 

explore  materials?  before  beginning' construction  .to  help  them^get  ideas 
about  th6  variability  of  uses  for  the  laaterlals. 

■  (  ■■■         '     .  ,     .■  ^  ■ 

Howlmuch  adul£  support  will  be  available  to  help  wi^'  the  procure- 
ment and  construction  of  materials?  Teachets  and  the  school  admicflstration 

f  S  3 

might  be  asked  to  back  the  project.    •Human  relations  probl^is  arising  in 
connection  with  the  project  might  be  resolved- ftarly  if  tke  kids  cduldj 
discuss  provisions  fbr  water  piay,  safety,  construction  ^d  esthetics,  .etc. 
with  school  personnel  and/or 'parehts . 

What  kinds  of  playgrounds  do  children  in  other  countries  with  the  ^ 
saiae  climate  have?    What  about  in  countries  with  different  clima^ies? 

Two  possible  pitfalls  ot  the  unit  might  be  1.*/  the  failure  to  invest 

the  time  and  interest  necessary  to  make  detailed  models,  and  2.)  the  failure 

f 

t6  make  use  of  natural  environmental  situations. 


J    .     ■  ■  ' 
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Topography  -  Surf  aGej::on8:^de  rat  Ions  ^» 

-  _  __  ......  ^  •      «  ^ 


\ 


a.  Blatktop  -  undergrounfl  pipes,  ;cotnpqsiti6n  ,  -"^ 

b.  Pe&  gravel  T  ^^pCh  and  coiiq^ositlon       .  •  ^  ^  .  ■ 
'*  *^  / 

^c.    Grass  '.  '/'  '  *  v         '  *  v 
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/d.  Sand 


/  ■ 


e.  Woodcfilps 

^f.  ;Wood  pLanks,  ties       -  ^ 

^      ,  Astro  Turf  ^         ^      ^  .t,,^^-^.^^^ 

^        b.  Indjpor-outdAor  carpet^linoleum 


i.  Garden  -  Botanfcal,  vegetable^  rock  ^  ^    -  ^ 

j .  Water    ■     /^^-  '  .      "  -i      '  •  ,  "  :  ■  ' 

k.  yiastic  -  Rubber  coii?>08ition  y      -  -  ^  ^  .  ,  , 

1.  Dirt  ^  ^ 


You  can  make  a  longer^  Vte'eper  slide  on  a  hillside  withoyt  dangerous 
height*  ,  '  _  ' 

^Shelters  ^ 

'  It  has  been  our  observation  that  children  not  only  need  shelter  from 
inclement  weathfer  and  the  hot  -sunv  but  also  enjoy  playing  in  sheltered 

areas •     \  .  -      *      ^  ■  ' 

In  the  playgrounds  built  with  elevated  platforms,  the  children^*s 
favorite  places  were  under  the  platforms  not  on  top.    Also,  the  lower  the 
better.        .  '  ^ 

.   ■    .  •   .  \ 

Possible  types  of  shelters:  '  '  ^  •  ' 


Tunnels:    made  tro©  culverts,  pipes,  tires,  railroad  ^es , 
cement  blocks,  bricks 

Culverts:  upright  or  hotlzdntal    '  .  . 

*  '  F 

Platforms:    elevated  (maximum  height  4*) 
Tents:     *  canvas,  parachutes 
Treehouae  .  - 

1.1 


J' 


•  V 

/    .  -^layK^use  *^(^liils)^piubhouse  (Boys) 


'.Spools 


^*  Packing"^  Boxers  '  CLrates 
^    yfVehsfoles      Coast  rue  c^jlcf^s 


Equipment*    (Used  a6  workshop  t,p  Introduce  challenge) 


kop'e,  hemp,  nylon 


Tires 
Pulley  ^ 


Di>5-3  > 


Wrenches  (box^  socket,  'Wescott  wjcench,  racheC,  extension  bar^ 
Nuts>  bolts    washers.  '  . 

'Electric  drill,  drill  bits  (mfetal  boring) 


Tape  uteasure  - 
Ruler 

Penci:^^  and  paper 


Physical  Developi^nt  of  ChjLldren 

Activities 


Large /small  muscle  P 


J  umplng 
tumbling 
pulling 
Qli^pibing 
hanging 
• leapiug- 
crawllng 


V 


Mathematical  Skills 


twisting 
r^nnin'g 
stretching 
bending         S  J 
squatting 
rolling  ^ 

n 

■  r  . 


V 


/    ■  ■         *  ■  . 

Basic  math  skills  (addition,  subtraction,  division,  ffactdons,  conversions) 

Measurement  (weigh^t,  linear,  voluu^  ,  human  *  proportions  ,  area  circles, 
density.,  ratio,  scaling,  -time)  /  ' 

Correlation  '  •  '  ,  , 

Simulation 


*See^}G.cro-teaching  session/outdoor  activity /video  taped 


4 

A 


-I 


General  Science  -  Physics 


.  ^  study  of,  pendul)ims*  %  ,  .  . 

:    •  ~  st^en^ths  pf  i&terials  (rope,  etc.)  ^ 

h  '  '    ^  •  -  speed  and'  dlatancre  '    ^  *  •  /  ^ 

♦  ,  friction,  energy ,Agravity,  force,  iijertia,*  equilibrium  point ,  - 

^     •  '  r  angles,  planes   ,      .     .     i  ...      *  -        ^  " 


/ 


^     ^        ^  G:eaphing 


^  Estimation  -  prediction  / 
Cause-Effect  relationships 

Spin  Off  '  .  . 
  I 

Economics 

Ecology  j> 
Urban  Planning 
Architecture  » 


i 

f 


Resources  .  . 

*    ■*  ,  '  " 

Scrounge  Materials  (ecvological  implications) 

.  Utilibies  Company^  e.g.  Telephone  Qo.  (cable  spools,  ladders,  wire, 
poles ,  etc.)  ;  '  , 

Gas  Stations  (Tires^ 
\      Auto  Junk  Yard  (Steering  Wheels,  auto  parts) 

Lumber  Yards^  , 
Local  Contractors  (scrap  materials,  Klg  tires), 
£DC  (references) 

Paper  and  Box  Company     (Tube^  from  International  Paper  Company  ). 
Plastic  Company 

Shipyards  -  cargoe  nets  -  old  boat  #  ^ 

Wine  Distributors  (wine  kegs) 
Recreation  ank  Park  Departtnents 

State  Institutions  -  concrete  culverts ate .     (Highway  Department, 
'■  Penitentiaty)  '  .     "  j 

City  -  old  culverts,  timbers 

1  .  People  -  labor  unions,  voc-tech  schools^  retired  people,  carpenters,  etc 

i^lta  College  industrial  arts  classes  i  J 


MATERIAL^^  BUILDING  EqfUI?MENT  ^  •        ,  '    '  .4 

Utility , Poles    .      ^  .  •  ,       ,  .  ' 

Use  only  on'vertical  applications,  too  many  slivers  on  horizontal. 
Rule  .o£  thumb  f    sink  pbles  1/2  of  Jtot aV^^xpc^sed  distance,  extend  pole 
i;S^  above  grpund ,  6  V  bfelow . 

Tlanka' for  Cyogs  Members  " 

2'.'  X  6"  utility  grade  (usually  are  fir.  If  you  have  a' choice ,  use 

hfemlock  or,spruc^)  cover  with  sealer.  .     ^  .  " 

Cable  for  Tramlines  I  etc. 

tae  aircraft  cable  1/4".     Mumin^ '3/8"  cable  available  'from  power 
company.     Good  because  it  la  made  from  large  strands',  soft ,  easier  to 
work  with,  doesn't  rust  or  need  treatment "  ^ 


RECOMMENDATIONS  ' 

/  .  ' 

^   We  found  that  using  a  hlgH  speed '(metal)  drill  bit  was  much  more 

_  s 

effective  thmi  using  the  power  wood  boring  bit  or  auger  bit.    Also,  It 

made  a  smaller/cleanerr  hole .  V 

Substitute  ratchet,  extension,  and  socket  set-'Up  for  box/open  end 

wrenches.    They  are  quicker/easier  to  work  with. 

{  ■■  '  ^  '  ■  ^ 
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\  ■  r  . 

Do  not  nai-l  ^ap  joints.  ^Use  lag  boltis  or  two"  pieces  of  ^^^e  iron  ■  / 


and  bolts. 


ERIC 


Use  wood  screws,  lag  bolts  or  ,soiQe  other  saeans  of  fastening  twd  pieces. 

i 

of  ^jide^  that  might  possibly  be  pushed  apa*.  Once  pushed  back,  the  nails 
become  exposed. 

Cable  spools  should  be  given  at  least  two  coats  pf  heavy  paint  to 
seal  against  splinters^    Boards  used  in  platfortn  construction  should  be 
coated  with  a  seAer. 

^  •      Do  not  have  "low  spots"  for  water  accumulation  in^tunnels. 

3/^Vhemp  rope  is  difficult  to  tie  knots  with.    Also,  it  giveS 
splinters  and  rope  bums.  '  - 

V.  Be  aware  of  th^  end  point  of  a  trgpaline.     Should  be  an  "H-frame" 


not  a  single  pole  or  tree. 


A  swivel  ,»hould       jased  on  any  ret  at  litg  device  to  i5revfe^t  finger  ' 
*     -  ■      (        ■         .      '  '  .  .  '  -    •  , 

pinching.    *  .         '  '  I      ',     ,   *^  , 

When  ijslhg  bolts  in  cons trutt ion ,  b§  sure. you  dton't  leave  any  ends  ' 
e^osed  ar  protruding  in  'sudh  ^^^^P  ^  cl^d  might  run  into  them.  ^ 

Round  of£  the' comers  of  protruding  objects. 

Flacea^nt  of  Equipment    ^  '  - 

Areas  underneath  sliding  poles,;  swinging  ropes,  jumping  platforms, 

,etc.  should  be  a  cushioning  material,  i.e^  sand,  wood  chips,  pea  gravel. 

A  retaining  wall,  such  g^S  those  constructed  from  ufility  poles  or  tires, 

are  very  useful  for  saving  the  sand^  and  also  setting  up  a  boundary  to  keep 

other  children  from  running  into  the  paths  of  juiopers  and  swingers^ 

-    With  a  swingeing  rope  (what  can  it  swing  intop  or  •''vine",  be 
^  ^certain  fl^a^  tfie  take  di^  and  landing  points  do  not^pose  as 
dangerous  obstacles  if  a*  child  misses  it  or  lands  incor^^ectly. 

Do  not-  leave  any  talKconstructions  a  child  may  climb  up  and  fall 
off.    '  • 

.  Plan  the  placement  of  equj^pment  in  such  a  way  as  to  prevent  collisions  t 

'i^^e.  do  not  have  two  jumping  platforms  ^facing  each  other. 

NOTES  ON  PLAYGROUNDS  VISITED 
Sherman  Street  Playground,  Caiabrldge 

This  was  a  cemmercial  "kit"  which  was  expensive.    There  were  several 
hazards  because  of  the  small  space 'used,  yet  this  provided  good  Integra-  • 
tibn^  of  activities  and  age  groups.    We  npticed  the  children  making  use 
of  "underneath"  spaces  f  or'^prlvacy .    No^lcedUmaglnary  play  activities 
going  ^n  Cplaylng  house  and  atore).    Kids  used  sand  (which  was  the  base 
surface  of  whole  area)  and  flat  spaces  cut  in  wood  "pilings"  to  carry  on  ^ 
these  make-believe  sessions.    There  were  provisions  for  almost  any  kind 
of  physical  activity  in  groups  arid  privately. 
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Central  School  PlayRround.  Cana? ridge  '  . 

Very  ^iljall  area,n)ut  goo4  use  v^s  made  of  it. 

:  "    •  . 

-    -  lAtti  yintegrat^d  twer,  ^lide,  tirp  cliiaber,  'shelter,. 

platform.  A^mall  (3  ft.-  long)  tunnel  was  built  on  -  - 
pne  platfom.  '    '      *  -         -        .  .         ^  / 

-  Large  7  "in ch-"^ tire  swing         siji^e  tire  swing-  Not^iceS 
the  chain  Was  bolted  on  in  a  wa$r  that  will  eventually  . 
V      t^ar  out .        '  '  '  ^ 

/  -  _ 


^        .    ■  .   -  r 
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Raymond  Street  Playground.  Cambridge 

This  was  designed  by  an  architecJC  but  cons tructed  with  non-commercial 
materials.   .         ,  ,  . 

-  tower  slide  wifh  pole  In  center  (two  levels) 

-  three  hllsldes  with  crisscrossed  rail  ties,  other  parts' of  * 
hill  just  dirt         ■        *  " 

-  high  planks  from  hill  to  tower  '     *  * 

-  provisions  for  kids  sitting  in  a  group  (sand  boxes,  seats, 

*   water  pool.)  ,  ,  * 

-  hard  surfaced  shelter  area  for  gaioes  and  other  sit-down 
'  activities. 

-  low  slide  off  hill  for  young  children  ^  .     ^  • 

-  low  tower  of  pilir^gs  for  young  children 

*'        -  under/over  movement  •  ,  ' 

A  very  well  integrated  playground.     Good^provlslons  for  Meeting 


social  and  physical  needs.   ,  ,  •  . 

Problem  -  equipment  (wood  parts)  In  ill  repair.    Points  need  relnforc- 
ing.    Apparently  the  people  who  put  up  th|  playground  didn't  care  about 
'   keeping  it  up.     It  wasn't  built  to  protect  it  from  vandajLism.  ^ 


/ 
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James  Kneafsey  ^ 


I.        Introduction ' 


Traffic  congeation  exists  as  a  problem  when  vehicular,  volume  &t 
density  .effects' average  driver  speed  to  thk  point  where -normal  traffic, 
flow  is  reduced  sharply.    Optimum  operating  conditions  may  be  assumed  to 
exist,  as  far  as  uninterrupted  flow  is  concerned,  when  traffic  is  operat-^ 
iiig  in  volumes  which  permit  free  moving  conditions  6n  the  roadway. 
Traffic  congestion  then  results  in  the  two  main  problems  of  (1)  time  loss 
in  travel,. and  (2)  driver  inconvenience.    It  is  important  to  notice  that  " 
on  passing  the  critical  density  at' which  congestion  begins,  a  small  in- 
crease in  traffic  results  in  a  large  increase  in  time  loss;  the  increase 
in  density  slows  the  traffic  which  in  turn  further  increases  tj)e  density. 

II.      Peak  Hour  Conditions  In  Urbah^Areas 

Within  urban  areas,  tifefflc  congestion  is  at  its  worst  during  jJeak 
morning  and  afternoon  hours.    These  contrast  iti  direction  of  flow  with^ 
morning  traffic  moving  into  the  city  and  afternoon  traffic  leaving  the 

.city.     Afternoon  congestion  is- normally  cpfepllcated  by  additional  ndn-- 
wotlcing  drivers"  who  would  not  be  present  in  tfie  morning'  rush. 

III.      Automobile  Trip  Purposes  . 

^Vehicular  congestion  is  the  product  of  a  number  of  travel  objectives 
.other  than  daily  trahspbrtation  to  and  from  work  sites.     These  trips  in-- 
elude  shopping,  various  recreational  activities,  as  well  as  "pleasure" 
rides*    The  choice  of  auto  usage  for  these  purposes  (due  to  private  pre^  ^ 
ferences  for  time  and  route  f lexibi^ltjr^  comfort,  and  privacy)  creates 
added  congestion  which  might  be  eliminated  if  alternative  forms  of  mass 
transit  were  more  readily  available,  j 


DP7-2  ^  - 

r     '  IV.      Externalities  of  AuA  Travel  % 

Traffic  congestion  ^as  a  number  of  obvious  reverberations  incj^iding 
'     i  the  Impact  on  drivers,  on  rdads  and  on  the  environment.    The  more  aptos  . 
on  the  road,  the  greater  are  the  chances  that  they  are  getting  in  one 

^another-'ft^ay;  ,  ' 

A)  Impact  on  Drivers  -  A  great  majority  o'f  auto  drlv^ers  will  avoid 
conge'^tion  at  all  costs.    These  avoidance  tactics  Include  driving  dnly; 

during  non-peak  hours  <)r.  If  necessary,  choosing  to  travel  longer  routes 

.  <^  ■ 

^o  avoid  known  bottlenecks.  .  - 

B)  Impact  on  IJqad  Malntenany^-  Congestion  on  he^^y^l^veled 
roads  Impedes  road  maintenance  since  repair  or  paving  ^actl^t;fcfe8  block 
lanes,  thereby  increasing  auto  congestion. 

C)  Environlnental  Issues  -  Congestion  in  urban/areas  compounds  the 
negative  effects  of  normal  traffic  condltlcins^ jwich  as  nolse^and  air 
pollution  atrf  Incr^^se/energy  usage  in  the  forii  of  fuel.    This  is  an 
especially  crucial  problem  in  light  of  the  current  gasoline  shortage 
situation.    Pethaps  children  might  to  examine  the  need  for  smaller, 
more  efficient  autos  compared  to  the  array  of  monsters  now  produced  in 
Detroit, 

*  .  '  '  - 

V.      Land  Use  Requirements 

Growing  auto  travel  needs' for  additional  roads  or  addi'tlonal  lanes 

in  existing  roads  have  ralse^^  serious  problems  for  land  usage,  especially 
Ih  urban  areas  where  spatiality  is  a  crucial  factor  determining  growth  or 
deterioration.    High  spe^  urban  highways in  the  form  of  expressways, 
require  more  land  space  both  for  the  road  itself  and  also  supporting 
areas  tHan  do  city  streets.    Although  the  argument  in  favor  of  Increased 

■  f 
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urban  highways  Is  a  reduction  of  congestion,  high  speed  roads. also 
serve  to  increase  the  volume  of  traffic  entering  the  city.    The  park- 
ing  lots  and  garages  necessary  to  handle  this  Increased  yolime  of 


entering  traffic  also  necessitate  an  increase  In  different  asaoimts  and 

■  ■  .  y 

types  of  land  usage.  ,  ^    ,     ^  ^ 

In  laany  cities  at  .the  present  time,  elaborate  mass  transit  pro^ 
jects  are  underway  (or  in  the  planning  stages)  in  oirder  to  provide 
attractive  alternatives  to  highway  transportation.    The  BART  (Bay  Area 
Rapid  Transit)  Syst^  in  San  Francisco*-  Oakland  represents  the  most 
advanced  rapid  transit  syst^  in  the  United  States  today.    Cities  which 
are  constructing  or  planning  mass  transit  systems  include  Washinf^n, 
Baltimore,  Pittsburgh,  Atlanta,  St,  Louis,  Philadelphia,  and  Los  Angeles, 

ong  others*    The  impacts  of  these  new  systems  dn_4-Hnd  use  and  on 
existing  traffic  flow  patterns  will  be  dramatic  and  hopefully  beneficial 
to  the  growth  and  quality  of  the  cities. 
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■    TRAFFIC  FLOW  AT  PEDESTRIAN  CROSSING^ 
'  by  ■ 

James  Kneafsey 


I.      ^INTRODUCTION        .  .  *         *      '  ' 

4 

Traffic  flow  at  the  site  of  pedestrian  crosfsings  may  be  generally 

depicted  In  two  main  categories      ^virtue  of  the  traffic  control  equip-* 

^^^.—-'HMi^t  required:    first  /  traffic  flow  which  is  subjected  to  a^controlled 

situation^  such  as  urban  and  suburban  intersections  with  traffic  lights, 
Jt  ■ 

signs  and/or  specific  crossing  lines  fot  pedestrians;  and^  second , 

traffic  which  intersects  pedestrian  crossings  in  areas  or  situations  not 

directed  by  traffic  conti^ol .  equipment ,  as  in  rtiral  areas* 

\/ . 

II,      COI/TROLLED  CROSSINGS 

Traffic  flow  within  controlled  traffic  situ^ions  is  a  function  of 
t}\e  variables  of  volume,  vehicle  speed,  intersection  structure  as  given 
<    by  the  number  of ^oad  lanes  and,  the  timing  of  control  equipment. 

Vehicular  speed  in  crossing  an  intersection  is  largely  a  function 
of  theivolume  of  traffic  present' at  the  time;  auto  speed  increases  as 
the  volume  of  traffic  decreases*    The  density  of  traffic  within  an  inter- 
section  depends  on  structural  variations  of  the-  site  in  terms  of  the  number 
ofUanes  and  the  width  of  the  intersection  area/  A  given  volume  of  traffic 
\H.ll  be  less  dense  and  will  flow  more  freiily  in  a  wide  intersection  than 
will  the  same  volume  of  traffic  Ijiters^ectlon  with  a  smaller  number 

of  lanes* 


Traffic  flow  within  intersection  areas  is  most  obviously  affected 
•by  variations  in  traffli;  signal  controls.    Flow  is  impeded  by  lights  for 

pedestrians  which  stop  traffic  altogether.  The  timing  of  traffic  con-^ 
'trols  is  also  an. Important  factor  .in  the  determination  of  traffic  flow 

id.th  longer  green  lights  accoxmnodating  heavier/fraf f ic  flow. 


III.      UNCONTROLLED  CROSSINGS 

t  Uncohtrolled  rural  pedestMan  crossltigs^  inclining  such  situations 

as  school  and  church  zon'es  and  ^ttle  crossings,  are  usually  marked  just 
by  signs.    Traffic  may  slow  but  does  not  usually  stop  completely  unless 
necessary.    The  absence  of  traffic  control  equlpn^nt  then  facilitates 
traffic  flow)  at  the  expense  of  ped^^rlan  safety*    Traffic  flow  is  main* 
talned  only  in  cojnjjunction  with  the  increased  probability  of  pedestrian 

injury.    Jn  school  and  church^prosslng  areas «  personnel  such  as  safety 

t- 

-  patrols  are  needed  to  Insure  safe  crossing  for  children.    In  these  cases, 
traffic  flow  should  be  Impeded  only  as  long  as  necessary  for ^safe  cro^s-^' 
Ings  to  be  completed!  ^ 

^  Traffic  flow  is  a  function  of  the  volume  and  speed  of  traffic  in  a 
^Iven^^tuatiott.     |n  the  uncontrolled  sites  of  rural  areas,  the  effect  of 
pedestrian  crossing  on  traffic  flow  may  be  established  by  determining  the 
variables  of  vehicle  gap  and  sight  times,  of  road  lay-out  and  the  frequency 
of  pedestrian  crossings.    Counts  may  be  used  to  determine  the  volume  of 
traffic  in  each  direction  for  a  given  time  span  and  stopwatches  used  to 

'  measure  gap  and  sight  tliaes  as  well  as  pedestrian  crossing  times.    A  com- 
pai?l8on  of  median  gap  times  with  crossing  frequeiicy  in  the  form  of  graphs 
a^nd  histograms  should  yield  an  indication  of  the  effect  ^)edestrlan 
crossings  on  traffic  flow.  ^ 
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TRAFFIC  FLOW  UNDER  ALTERNATIVE  STRUCTURAL  CONDITIONS 

by 

*  ■  -  * 

James  Kneafsey 

^.Variation  in  traffic  flow  facility  Is  in  direct  causal  ^relation 
to  road  structure.    Factors  of  road  structure  variance^ include: 

1.  the  nuniber  of  lanes, 

2.  variations  in  grades  and  curvature  of  roads,  and 

3.  specific  conditions  which  create  traffic  bottle^ 

-       necks,  such  as  |oad  construction,  signals,  bridges, 
and  tunnels.  .  ^ 

Traffic  congestion  on  roads  is  largely  the  result  of  an  adverse  combi- 
nation of  these  factors  and  can  orHy  he  alleviated  by  initiating  some 
type  of  change  in  the  structure  of  the  road. 

X.  .  •  Variation  in  the.  Number  of  Lanes  ' 

Variation  in  th^^umber  of  lanes  is  perhapstKe  most^obvious  factor 
affe^cting  traffic  congestion  in  urban  areas.    These ^sajfeSs  are  less  amen- 
able to  road  change  by  construction,  in  phe.  form  of  either  division  or 
widening  than  are  rural  areas,  and  more  prone  to  traffic  congestion  due 
to  population  density.    Many  urban  streets  are  formed  of  ts*D  lanes;  one- 
way streets  are  found  predominantly  In  downtown  areas,  with. pat4ting 
reducing  traffic  flow  to  one  or  two  laneS  during  working  hours.  More 
widely  used^lhjan  streets  are  four  or  six  lanes,  with  separate  lanes  for 
right  je^d  left  turns,  resulting  in  reduced  congestion.-   Limited  access 
roads  within  urban  areas  include  four  lane  expressways,  which  are  intended 
to  reduce  m6ming>and  afternoon  peak  hour  congestion,  and  interstate  links 
of  four  or  mote  lanesT    Both  expressways  and  interstate?,  by  Increasing 
the  possibility  of  collision,  serve  at^^tlmes  to  heighten  traffic  congest^ 
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road  construction  or  Incident  weather  conditions. 

1  '    '  -   ■  ■ 

II,  Variatioin  in  the  Curvature  and  Grades  of  Roads 

Road  curvature  directly  affects  vehicle  speed  on  roadways,  with 
maximum  safe  speed  decreasing  as  curvature  or  grade  increases.    Roads  ^ 
with  mapy  curves  and'bends  will  slow  traffic,  resulting  in  greater  con- 

m 

gestion^han  .WDUI4  be  J^resent  on  the  same  (size)  road,  without  curvature 
-  level  curvature  tends  to  prohibit  traffic  speed  mot'e  acutely  than  curves 
which  have  bein  banked.    Variation  in  curvature  affects  congestion  more 
profoundly  on  higher  speed  roads  with  four  or  more  lanes  such  as- limited 
access  expressways  and  freeways  than  on  smaller  two  lane  roads  which  re- 
quire  lower  speeds. 

III.  Traffic  Bottlenecks  '  .  ♦  ' 

Traffic  bottlenecks  are  usually  the  result  of  speckle  situations 
which  force  a. given  volume  of  traffic  into  a  spatially  smaller 'area, 
thereby  creating  or  worsening  congestion,  '.yhese  specific  situations  in- 
clude temporary  road  construction,  traffic  signals,  bridges  and  tunnels. 

ii9 


'*     ■  •  A.  '  '  ' 

rather  than  decrease  it.    Additional  highway  construction  (in  pe  form        ^  , 
of  additional  high-speed  roads)  intended  to  reduce  congestion  laay  serve  • 
instead  only  to  Increase  the  volume  of  traffic.  • 

Variation  in  the"  nuafcer  of  road, lanes  is  less  directly  related  to 
trafffc  flQ,w  in  rural  areas  where  congestion  is  not  so  general  a  problem. 
Existing  congestion  is ^ more  situationally  oriented  in  rural  areas,  more 
the  result  of  school  ^nd  church  zones,  cattle  crossings  and  the  presence 

V 

of  such  items  aa  tractors  or  wagons.    Limited  access  roads  in  rural  areas 
are  generally  uncongested  unless  affected  by  specific  conditions  stich  as 
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TJiia  category -excludes  urban  dongest ion -which  is  pervasively  present^ 

K  *  'If 

despite  the  bottlenecks  described  below: 

% ,  .    (a/^  Construction  -       ,  ^ 
*'      ^         Road  construction  takes  the  form  of  repair,  resurfacing,  / 

•  -  -  ft 

clearli\g  or  "the  widening  of  roads  and  creates  congestion  by 

^  <  * 

reducing  the  number  of  road  lanes  in  use.  ' 
■  (B)    Traffic  S^als  -  .  .     .  , 

^Traffieeignais  create  bottlenecks  by  blocking  thd  flow 

f  ■  '  * 

of  traffic,  slowing  traffic  or  stopping  it  altogether  in  order 

to  accomodate  crdss  flow  of  pedestrians  or  vehicles,  or  left-hand  turns, 

(C)  Bridges  and  Tunnels  -■   ^  .   •  ^ 

*  In  areas  where  bodies  of  water  are  present  and  bridges  and' 

tunnels  offer  the  only  means  of  crossing,  bottlenecks  result  as 
traffic  must  merge  into  Jailer  number  of  lanes.    This  conges- 
tion usually  diminishes  once  the  bridge  or  tunnel  is  passed. 

(D)  Weather  Condition^"^- — 
In  every  geographic  area  of  the  country,' weather  conditions 

pay  a  role  in  affecting  traffic  flow  at  .some  time  or  another 
during  the  year.    The  extent  to  which  operating  conditions  on 
highways  and  local  roads  are  influenced  by  weather  conditions 
arid  the  remedies  to  protect  against'or  prevent  them  depends  on 
the  actions  of  state  and  local  highway  .of ficials. 
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■THE  NEED  FOR  TRAFFIC  SIGNAL  SYNCHRONIZATION       URBAN  AREAS 
t        *  *  JaiMS  KneBfsey 

■ "   .      •  J  '        .         '  „  ' 

J[.      Introduction  •  ^  ^ 

The  lack  Qf  synchronization  of  traffic  signals  Is  perhaps  the 
greatest  im|fediment  to  traffic  flow  in  urBan  areas  besides  congfe^- 
tloii  and  contributes  to  much  of  peak-hour  congestion  by  preventing 
the  free  mo^jjiaaent  of  traffic. 


XI.  Synchronlgai^j^n 


In  a  grid  city  laid  out  in  a  Systematic  pattern  of  sta^ndard  blocks, 

■*  » 

the  advantages  of  synchronized  lights  should  be  obvioup.    Under  such  a 
syatem»  autos  travelling  xacross  the  city  could  cover  distances  much 
more  easily  if  tiraffic  signals  governing  flow  in  that  direction  were 
timed  to  facilitate  f Ipv.  in  that  direction.    Washlr^ifft,  Baltimore, 
Coltimbus  and  Los  Angeles  arje  examiples  of  such  cities.    This  would  be  ' 

S  ■  '  ^     ,  '         ,  .  ,  '»  1, 

especially  advantageous  during  so-cplled  peak^  hours  In  the  morning  and 
afternoon  whfen  the  bulk  of  traffic  is  movipg  in  one  main  direction: 
either  inbound  or  outbound, 

_  In  a  similar  vein,  one--way  streets  could  also  , be  used  to  facilitate 


flow  of  traffic  during  peak  hours,    ^hls  has  aK^ly^  been  Implemented  in 
many -cities;  in  Philadelphia,  for  instance,  the  Benjamin  Franklin  bridge 
has  lanes  which  can  be  changed  in  dlreptloh  according  to  the  bulk  flow,  of 
traffic.     In  a  city  plamied  under  the  grid  pattern,  this  system  is  rela- 

IT 

tlvely  simple  to  impleme;it  and  contributes  vastly  to  an  Improved  flo^  of 
traffic  during  off'-peak  hours.  -  Iri  cities  with  older  core  down! 
such  as  Boston,  where  ^thte  grid  pattern  of  blocks  does  not  exist. 


?ed  flow  of 
itf6wn  areas. 
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synchronization  is  more  difficult  but  could  Be  accomplished Ho  ease 

•  * 

urban  traffic  flows  during  peak  hours  on  selected  routes.  Experiments 


of  this  type  are  certainly  worth  the  effort  especially  since  the  costs 
of  most  synchronised  systems  are  not  unreasonable*  - 


III.      Types  of  Synchifonlzatlon  ^  '  .  * 

The  general  types  of  synchronization  encompass 

(1)  manual  controls^  .  ' 

(2)  autom^ic  meclmnized  qonttols,  or 

(3)  some  combination  of  these  tw). 

There  are  "both  advantages  antl  disadvantage^^  to  iSach  type.    Most  urbail 
.  areas  utilize  all  of  them  separat^lyand  in  combination;    The  ^'success"  , 
of  traffic  flow  within  urban  areas  is  largely  the  product  of  the  effective- 
ness  of  the  controls  utilized. 

Jlanua3r^ontrols  are  maintained  by  police  officers  who  direct  traffic 
mov«aent  at  intersections.    The  advantages  of  employing  such  personnel 
are  Manifest  In  their  discretion  or  ability  to  determine  how  to  alleviate 
congestion  while  it  exists.    One  major  drai^ck  to  their  wJ-d^spre^J^se 
.  i»  tJie-'-uader lying  la|>or  cost  .    Also,  services  of  these  personnel  usually 
'r  are  needed  in  other  capacities  such  as  for  emergencies  in  urt>an  areas. 

Among  automatic' or  mechanized  \,trafflc  contrqls  are  two  main  types: 
"(A>    devices  which  are  timed,,  and  (B)  those  which  are" directed  by  radar 
monitoring       of  traffic  needs.    The  automatic  -  constant  time  devices  * 
haVe  the  disadvantage  of  maintaining  the  same  travfel  time  fpr  each  direc- 
.  tion  of  traffic,  independent  of  demand,    During  peak  hours  wlj^n  the  flow 
•  is  decidedly  heavier  In  one  direc  tion  ,**£onstSnt  light  time  impedes^  flow 
which  might  be  J^ess  congested  were  manual  control3  used.  Synchronization 
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may  take  the  form  of  radar  sensor^j^located  overhead  or  In  treadles  orC^ 
even  as  ground-^^Wel  eye  Instruments,    Radar  sensors  are  able  to  deter- 
mine flow  In  the  form  of  the  build-up  of  "waiting"  traffic  at  a  control 
w^eri  it  occurs  and  by  changing  lights  to  release  this  build-up  of 

'.  *  '  • 

waitir^  traffic.    Another  type  of  synchronization  Involves  some  combina- 
tion of  automatic  -  constant  time  controls  with  sensors  which  have  the 
advantage  of  assessing  traffic- wo lume a  and  direction  by  means  of  sensors 
and  alleviating  congestion  by  lengthening  light  time  to  handle  the  actual 


voltsmes. 


IV.      Suannary^  .  * 

Many  cl-ties  have  adopted  various  kinds  of  traffic  signal  devices  Xn 
order  to  improve  the  flow  of  traffic  through  their  areas.'   While  manual 
controls  and  automatic  (constant  time)  traffic  lights  operate  fairly 
well  during  off-peak  hours, . the  stringencies  of  peak  hour  traffic  volumes 
require  more  sophisticated  types  of  traffic,  synchrbnltatloh  and  control 
.equipment,  like  overhead  radar  sensors,  ground  treadles,  and  ground-level 
eye  fiensors. 
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IMPACT  OF  PARKING  RESTRICTIONS  ON  TRAFFIC  FLOW 
IN  URBAN  AREAS  DURING  PEAK  PERIODS 


By  " 
JAMES  KNEAFSEY 


.1.  Introduction 

Due  to  increased  traffic  congestion  during  peak  morning  and 
afternoon  hours,  many  urban  areas  l^^ye  initiated  parking  restricOlons 
a|ong  main  arteries  flowing  into  and  out  of  the  city.  These 
restrictions  have  the  purpose  of  facilitating  traffic  flow  by  freeing 
an,  additional  traffic  lane  which  would  otherwise  be  used  for  parking. 
Since  the  Impact  of  these  restrictions  affect  both -traffic  flow  and 
city  r€ivenues,  questions  as  to  their  length  and  location  naturally 
arise.Vfor  instancy,  should  restrictions  occur  on  one  side  pf  the 
street  <?r  both? 

II,     'Imfi^ct  on  Traffic  Flow 

Various  studies  have  indicated  to  traffic  authorities  that.it  is 
usually  more  effective  to  coordinate  parklng.restrictlons  with  the 
direction  of  traffic  flow  so  that  in  some  cases  restrictions  occur  on 
one  side  of  the  street  during  morning  peal^ours  and  on  the  other  side 
during  the  afternoon,    "on  larger,  more  heavily  travelled  city  arteries,, 
restrictions  J^^^st  as  long  as  three  or.  four  Hours,  fhe  entire  length 
of  the  peak  period.     On  smaller  lower  density  streets  theTestrictlons 
a^re  shorter.     As  observed  by  motorists,  these •  restrictions  greatly 
enhance  traffic'flow;  usually  strict  enfprcement  in  the-form  of  parking 
tickets  and  accompanying  fines  will  insure  their  implementation. 
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One-way  streets  can  have  diagonal  as  well  as  parallel  parking 
restrictions.     Diagonai  parking  usually  occurs  in" lower,  density ,  wider 
street  arei^s  along  one  side  c^f  the  street  only;  restrictions 'on  this 

-  type  of  parking  leaves  a  wide  street.  ar*ja  v:^rtually  clear  for  traffic 
flow.  -  SinTce  the  street  area  can  then  handle  an  additional  volume  of 
traffic  easily  and  since  this  volume  moves  in  oiffe  .direction"^  only ,  con- 
gestion,  is  immediately  alleviated.     Along  more  narrow  one-way  streets 
where  parallel  paiking  Is  permitted,  restrictions  of  parking  along  . 
both  sides  of  the  street  has  a  similar  effect  as  the  elimlnatioTn  of  ^ 
-diagonal  parking  on  one  side  ot  the  street^  i.e.,  the-  street  travel  area 
Is. widened  and  congested  peak-hour  traffic  is  permitted  easier  iccess 

"^to  main  arteries.     The  length  of  restrictions  along  one-way  streets  for 
both  diagonal  and  par^lel  parking  is  directly,  related  to  local  needs. 
More  heavily  travelled  smaller  streets  will  require  longer  hours  of 
parking  restrictions  than  less  frequented  or  wider  streets  ,al^ng  which 

t 

traffic  flows  unimpeded- 

III,     The  Important  Tradeoffs: 
■*      .       '  ' 

Important  tradeoffs  exist  in  the  implementation  of  parking  restrlc- 

.   tlons  between  the  problem  of  congestion  and  its  alleviation  on  the  one 

*    hand,  and  on  the  other  hand,  th?  impact  of  these  restrictions  in  terms  of 

1)  loss  of  meter  revenues,  2)  the  effect  on  tnerchants'  bu^nesses  along 

restricted  areas,  3)  the  necessity  created  for  other  parking  areas  on 

the  other  hand,  and  4)  reallocation  Xj/  t^x  monies. 

A.     Impact  of  Loss  of  Meter  Revenues: 

J* —  *^ 
Parking  meters  are  a  large  source  of  income  in  urban  areas;  a  los^ 

»  - 

of  income  due  to  parking  restrictions  is  significant  on  a'yearly  basis 

V 

T     ,  • 
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and  is  seriously  considered  ip  the  planning  of  location  and  length  of 
these  restrictions,.     The  loss  of  city  revenues,  however.  Is  not  con- 
^sidered  so  vital  d  problem  to  the  majority  of  urban  inhabitants  as  the 
'problein  of  prolonged  "traffic  congestion  during  peak-hour  periods. 
Almost  all  uAan  dwellers  and  many  suburbanites  who  work  in  the  city 
encounter  oh  a  daily  basis  the  problem  of  congestion  and  Its  effect  of 
increas^a^ ravel  time  and  discomfort,     The  extent  to  which  the  cities 
subsidize  suburban  homeowners  is  a  ccmplex,  contemporary  issue  whith 
warrants  more  attention.  • 

B.  Impact  on  Merchants*  Businesses 

^Parking  restrictions  along  streets  where  shopping  an^business 
areas  are  located  will  necessarily  affect  thesd  businesses  by  forcing 
prospective  customers  to  eit|*er  fo.rego  their  shopping  needs  or  to  seek 
parking  spaces  elsewhere  in  the  area  during  peak-hour  periods.  Although 
merchants*  losses  are  takens.into  due  consideration  in  the  planning  of 
parking  restrictions,  once  again,  they  are  usually  made  subservient  to 
the  more  prevalent  city-wide  prob^^em  of  congestion  and  traffic  flow  during 
peak  hours.     On  the  other  hand,  it  may  aiao  be  noted  that  parking  re- 
strictions along  main  city  streets  occur  In  part  both  before  merchants ' 

I* 

opening  hours  in  th^  mgrning  and  after  closing  hours  in  the  afternoon 
so  that  the  total  time  which  restrictions  would  affect  merchants* 
business  might  be  minimal.  .    -  '  ^ 

C.  Additional  Parking  Areas  *  , 

Another  Important  Impact  of  parking  restrictions  along  city  streets 


Ity  cii 


during  congested  hours  is  the  necessity  created  for  additional  parking 
areas  in  lieu  of  the  eliminated  on-street  parking.     The  necessity  for 
additional  parking  areas  is  met  by  the  construction  of  garages  and  the 

'  / 
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use  of  lots  for  this  purpose.    Additional  parking  spaces  are  both 
time'-consuming  and  costly  to  build  and  has  the  added  disadvantage  of 

» 

requiring  a  great  (Seal  of  land  space  in  an  area  where  spatiallty  is  of 
utfflost  importance.    ,The  end  resdlt  is  a  sizeable  expenditure. 
D*    Reallocation  of  Tax  Monies 

Parking  restrictions  on  during  peak  hour  periods  have  the  effect  of 
Increasing  traffic  flow  in  urban  areas.     This  increased  flow  of  traffic» 

with  its  decrease  in  travel  time,  serves  as  an  inducement  ifor  auto 

...    *) 

. .     ■  .....    t  ■  ^  .  ^ 

owners  to  drive  rather  than  use  other  foms  of  transportation  for  their 
trip  purposes «    The  net  effect  may  b'e  a  deallocation  of  tax  monies  in 
favor  of  auto  owners  at  the  expense  of  other  transport  users.  Suffice 
it  to  say  that  a  redistribution  of  benefits  frcsa  taxes  are  an  intricate 
problem  In  the  economics  of  urban  areas* 
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-   trAjfic  flow  at  rotaries 


by 

James  Kneafsey 


I.  Introductldfo'V^ 

The  original  Intent  of  rotaries  was  to  provide  a  means  for 
entering  vehicles  to  join  the  main  flow  of  t£ffic  without  disturbing 
it.    In  theofy^  rotaries  were  meant  to  assimilate  additional  autos  • 
from  various  directions  without*  either  stopping  the  main  flow  or  neces-- 
sitating  the  use  of  traffic  control  equipment.    While  this  has  been 
largely  true  during  non^peak  times,  rotaries  may  be  potentially  ganger-- 
dus,  y  * 

II.  Problems  and  Dangers  Inherent  in  the  traffic  Sysfj^cm 

The  following  is  a  list  of  problems  and  dangers  which  children 
may  easily  observe: 

(1)  Maximum  safe  speed  is  a  factor*  of  rotary  size  and  traffic  con- 
ge@tion»  with  maximum  speed  becoming  lower  as  traffic  in- 

r 

creates.     Even  during  non-^peak  hours  rotaries  slow  the  main  ^ 
flow  of  traffic  since  vehicles  must  decrease  speed  to  travel  ' 
the  rotary. 

(2)  Especially  during  non-peak  hours,  many  vehicles  will  attempt 
to  enter  the  rotary  at  the  same  speed  as  the  main  road,  in-^ 
creasing  the  probability  of  collision.     This  probability  is 
heightened  during  inclement  weather,  particularly  during  the 
winter. 

(3)  Since  many  vehicles  do  not  signal  their  intent  to  exit  from  ^ 

.the  rotary  the  probability  of  collision  increases  (See  diagram  I). 

■J 

A  potential  collision  situation  occurs  if  vehicle  A  wishes  to 
exit  at  point  1  in  Diagram  I  and  fails  to  signal  vehicle  B,  whic 


wishes  to  exit  at  a  distant  point,        pi aris  to  continue  to, 
travel  the  rotary. 

(4)  In  a  strictly  visual  sense,  many  more  signs  are  needed 
a  rotary  than  in  an  intersection  situation,  serving  ^  dis- 
tract  drivers  unfamiliar  with  either  the  area  or  the  rotary 
system. 

(5)  There  is  always  the  chande  that  an  auto  may  miss  the  ap- 
propriate  exit  road  and  circle  the  rotary  more  than  once,  requi- 
ring a  greater  amount  of  time  to  execute  a  turn  than  would  be 
necessary  to  cross'  an  intersection.  s 

(6)  During  peak  hours  congestion  is  worsened  by  the  presence 

of  a  rotary  since  already  sluggish  traffic  is  slowed  by  the  un- 
necessary perlflieter  of  Che  rotary  to  be  travelled.    In  a  rotary  . 
situation  (see  1.  DiaRram  II)  U^o  A  must  travel  three  qua^rs 
■  of  the  rotary  in  order  to  accomplish  what  is  essentially  a  left 
turn.    In  comparison,  by  making  the  same  left  turn  in  an-intet- 
section  situation  ,(see  2i^i)4agram  II)  auto  B  would  save  travel 
distance.    Congestion  16  also  worsened  during  peak  imia  by  ebej 
fact  that  a  rotary  with  moving  traffic  cannot  as  easily  assimilate 


I 


entering  traffic  as  can  a  controlled  intersection. 
(7)  Whereas^ during  pe&k  hours  in  an  intersection  an  accident  would 
tie  up  traffic  m^lng  in  one  direction  only,  an  accident  in  or 
outside  a  rotary  would  stop  traffic  flow  altogether,  (See  dia- 
gram  III).     Jf  an  accident  occur?  at  point  a,  outside  the  actual 
rotary,  traffic  wtLll  be 'stopped  at  point  b  within  the  rotary  as 
a  certainty  and  ilCil  probability  at  points  c,  and  d.  T/^ff^c 
blocked  at  points  b  and  d  will  also  block  traffic  at  other-points 
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which  would  exit  at  point  c.     Should  the  possibility  exist  that 

♦ 

traffic  at  points  h,  g,  f  or  e  wishes  to  exit  at^ either  of  points 
a  or  c,  all  traffic  will  be  completely  stopped  within  the  rotary 
and  on  outlying  exl^J^oads  as  a  result. 
(8)  Rotaries  use  more  land  space  than  an  intersection,  a  factor 

of  more  obvious  importance  in  urban  than  rural  areas. 

•  .  ■  » 

^  (9)  Within  the  rotdry  area,  a  high  collision. possibiiy:y  exists  between 
vehicles  which  are  changing  lanes  in  order  to  exit,  (^e  diagram  IV). 
Auto  A,  h^Vij4  entered  at  pol^t  2,  and  wishing  to  e^cit  at  point  4, 
encounters  atito  B,  which  ha§  entered  point  1  and  wishes  to  exit  at 
point  3.    Aupo  A  must  then  cross  either  ahead  or  behind  auto  B  cre- 
ating collision  potential,    A  variant  of  this  type  of  congestion, 
occurs  vhen  both  autos  A  and  B  wish  to  exit  at  point  3  and  must 
merge  to  do  so . 

III,    Advantages  of  Rotary  Systems  ^ 

Certain  advantages  exist  to  mtake  traffic ^rotaries  a  feasible  system 
in  theory.    The^e  are:  i»  --.^ 

(1)  Traffic^control  equipment  needed'  in  intersection  systems  is  not  ^ 
*  ^          ,  required  for  a  rotary.    This  may  result  in  ^  Considerable  financial 

savirigs  in  local,  stfate,,  or  federal  funding  programs. 

(2)  Autos  B^y  ent^r  the  traffic  flow  without  stopping,  given  favorable 
conditions..    Even  whi?n -they  stop ,  autos  may  start  again  afi^the  first 
opportunity.     (Some  traffic  cbntrols,  such  as  lights,  will  hold  up 
traffic  when  there  m^  be  xapa  available  for 

(3)  Traffic  on  some  tiigh  §peed  toads  may  be  slowed  down  simply  by*  >^ 
^existence  of  rotary,     ^n  this  sense,  a  rotary  is  a  type  of  traffip 

contfolling  instrumentr  since  its  mere  presence  requires  vehicles 


, to  reduce  speeds  both  at  t^e  rotary  and  iif  the  road  areas 

approaching  the  rotary.  • 

(4)  Rotary  systems  are  more  aesthetically  pleasing  than  inter- 

sections  since  they  allow  grass  plots  and  eliminate  control 

fe(|uipment.  ^  , 

IV.    Presentation  in  the  Classroom 

Both  thef  advantages  and  disadvantages  of  traffic  rotariejs  may  be 

introduced  to  children  first  by  means  of  observation.    After  children 

have  drawn  diagrams,  certain  simple  technical  prn^cedures  may  be  used  by 

children  during  subsequent  observation'  times  to  substantiate  the  problems 

*  * 

at  hand.  ^ 

I  To  f actualize  their  observations  of  slow-moving  rotary  ^raffle, 

children  may  use  stopwatches  to  calculate  and  compare  speeds  of  autos 
•inside  and  outside  the  rotary..    Within  the  clasproom,  models  may  be  made 

of  rotary  systems  (possibly  with  Design  Lab  materials)  and  used  to  demonstrate 

the  ne£:esa^ry  decrease  In  speed. ^  Videotapes  of  actual  systems  may  be  made, 

although  this  procedure  requires  additional  equipment. 

The  tindtency  of  vehicles  to  travel  the  rotary  without  reducing  speed, 

the  failure  to  use  sdgnals,  and  th^^^^esslty  of  addltlgioal  Bl^n&  at  rotarles 

may  be  observed  by  children  on  location.  Speeds  may  be  calculated  and  compared 
with  safer,  slower  speeds.    Videotapes    of  non-signaling  vehicles  may  reveal 

potentially  hazardous  situations  (2^3,4)* ^ 

Children  may  be  stationed  at  specific  points  in  the'^Wtery  to 

count  cars  wHl'ch  circle  the  rotary  more  than  once.    Videotapes  may  be  used  to 

supplement  these  observations.     (5)_  *  / 


*  The  numbers  in  parenthesis-^  here  refer 'to  the  sections  descried  above 
under  Frob/ems  and  Dangers  Inherent' in  the  Traffic  Rotary  System. 

*  If       -  ^  ' 


Peak  hour  conges t iorv  paay  be  observed,  photograpbed  and  video-- 
taped.     Counts  may  be  taken  of  cars  entering  and  leaving  the  rotary 
during  a  given  congested  time  span  and  compared  to  counts  taken  during 
non-peak  hours  (6,7).    Accident  conditions  in  a  rotary  also  may  be  presented 
by  means  of  models,  diagrams  and  videotapes  (8).    Unnecessary  land  use  may 
be  shown  and  measured  by  means  of  comparative  diagrams  of  intersection -an^* 
rotaries.  f  j 

The  more  obvious!  advantageous  characteristics  of  rotaries,  i.e. ,  t 
lack  of  ;traf fic  equlpi^nt,  increased  aesthetic  appeal,  and  assimilation  of 
traffic  without  stops  may  be  observed.    The  relation  Jsetwel^  the  advantages 
knd  problems  of  traffic  rotaries  should  also  be  point^td  out  by  means  of  the 
photos,  tapes  and  observations  of  probjeaaatic  situations. 

V.    Summary:  '  % 

When  traffic  rotaries  were  first  designed  in  the  1930 's  by  weil'-inten-- 
tiqned  civil  engineers,  they  were  considered  panaceas  of  their  time.  For 
•  %asonafele  and  moderate  traffic  flumes,  the  rotaries  actually  served  well. 
>.i^^^fortunately,  conditions  cha^gkd  rapidly  over  the  next  three  decades  such 
that  many  rotaries  now  ate  ^sim^lyjw^^e^  especially  during  peak- 

hour  traffic  flows;  yet  rotaries  do-serve  a  useful  function  in  some  cases. 
The  above  discission  was  intended  to  hlghlight^the  conditions  under  which 
rotaries  are  effective  and  those  under  which  serious  congestion  would  occur. 
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PEOPLE  ASD  SPACE 
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In  several  USMES  units • students  have  often  encountered  the  problem", 
of  understanding  how  people  use  space  and  are-  influenced  by  spati^al 
arrangements,     fn  Lunch  Lines,  for  example,  at  least  two  teachers  " 
(Jeanette  Lea  and  Mary  Szlachetka)  haVe  found  their  classes  focusing  on 
the  physical  arrangements  of  their  lunchrooms.     In  both  cases  the  objec-- 
time  was  to  increase  the  efficiency  (capacity  and  speed  of  service)^  of 
the  lunchroom'.    However,'  in  Either  units,  the  use  of  space  may.  be  impor- 
tant for  different  reasons.     In  Playground  Design, . spa tiaf  relations  may' 
determine  how  often!  an  apparatus  is  used ,  and  in  Classroom  Design  they 
may  be  an  important  Ihfluence  on  how  well  each  portion  of  a  classroom 
fulfills  its  purpose.    Also,  in  all  group  work  spatial  relations  can 
affect  how  often  a  person  talks  or  who  talks  to  whom. 
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However,  the  knowledge  that  space  affects  a  person's  behavior  is  not 
the  same  t;hlng  as  predicClng;  ^at  these  effects  will  be.     In  the  cas^  of 
■  Lunch  Lin^s  students  have  made  scale^^lels  of  lunchroom  layouts  and  have 
suggested  changes  In  these  layouts  so  as  to  improve  the  operation  ofytlie 
lunchroom.    Yet,  how  can-  ^he  students  know  that  thefr  arrangement  will  * 
improve  lunchroom  operations?    Or,  in  the  case  of  Classroom  Design,  how 
cen  ^tudenta  determine,  for  example,  the  b.est  arrangement  of  tables,' 
chairs,',  and  desks?    These  questions  all  -requli&e  .that;-^^dcnts  ^e^ble.  to.. 
measure  how  space  is  used  by  people.  . 
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Depending  upon  the "objectives  of  the  students,  there  are  a  variety 
of  possible  measures  of  ^pace  utilization.    Again  in  the  ca^e  of  Lunch  ' 
Lines,  the  students  may  decide  that  the  lunchroom  jproblems  are  due  not 
to  delays  in  sewing  the  food  but  to  congestion  of  people  going  frcnn 
the  serving  line  to  their  seats  or  fr«n  their  seats  to  a  wastB  collection 
area.    Students  could  tl^e  persons  from  when  they  leave  the  serving. 


line  to  the  time  they  ait  down  at  a  tab 


They  migh,p  also  prepare  flow 
\ 

diagrams  showing  the  number  of  people  using  each  aisle  to  get  to  their 
sea/s.    An  easy  way  <o  do  tMs'is  to  plot  on  a  lunchroom  diagr^  the  flow, 
of  Caffic  letting  the^widfch  of  lines  indicate  the  number  of  persons 
^S5:Hg  an'aisle.    For  example,         following  diagr^  repiresents  hypbtheti- 
cal  data  collected  by  studen^T  ^ 


0  □  □  0 


0  D  O  a  -0  0  - 


I 


■  «    .  ^  -  * 
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^al  Students  Leaving  Serving  Line  =  100 
Students  Using  Aisle  A  ■  5 
Students  Using  Aisle  B  *?«  35  ' 
Students  Using  Aisle  C  «  50  .  ^ 

Students  Using  Aisle  D  »  10 
.Clearly  the  dlagrm  can  be  extended  to  cover  the  entire  length  of  each 
aisle  as  well  as  other  aisles  between  tables.     Such  a  diagram  might  also 
be  color  coded  to  distinguish  which  direction  the  persons  are  welking  when 
using  the  aisle ,  and  separate  flow  diagraios  could  be  drawn  for  different 
grade  levels  or  classrooms. 

;  ■  V 

^      There  are  other  spatial  measures  as  weir  that  may  be  useful  In  Lunch 
Lines.     Students  may  measure  conflicting  traffic  patterns  by  counting  the 
number  of  times  a  person  passes  someone  going  in  the  opposite  direction. 
Or,  they. may  determine  how  wide  an  aisle  should  be  by  counting  the  number 
of  "bumps**  between  people  or  betveen  people  and  tables,  chairsv  or.  walls 
fo.r  a  given  aisle.*    Likewise,  students  may  plot  on  a  lunchroom  diagram 
the  arder  in  which  ^eata  are  taken  or  the  nu^er*  of  seats  at  each  table 
which  are  not  used.     All  of  these  measures  allow  the  students  to  compare 
a  new  lunchroom  layout  with  a  previous  one  to  -test  wheft*er  their  solution* 
works. 

May  of  these  measures  are  also  applicable  to  units  other  than  Lunch 
Lines.     In  Playground  Design  the  students  may  count  the  number  of  times  an 
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apparatus  is  used,  the  number  kf  students  of  various  ages  who  use  it, 
and  the  number  of  boys  who  usA„it  compared  to  the  numbe/  of  girls  who 
use  it.    Again,  these  data  could  be  used  to  see  whether  the  arrangement 
of  the  playground  equipment  affects  how  the  equipment  is  used.  Similarly, 
In  Classroom  Design  the  students  might  count  the  number  of  persons  sitting 
at  desks  rather  than  at  tables  (If  there  is  such  a  choice),  the  number  of 
persons  using  a  "portion  of  the  classroom  at  any  given  time,  or  the  number 
of  persons  talking  instead  of,  say,  reading  in  different  parts  of  the 
classroom.  ^ 


ERIC 


The.  last  measure  is  an  example  of  a  social  consideration  as  opposed 
to  the  efficiency  considerations  discussed  in  the  case  of  Lunch  Lines. 

*  ♦ 

In  Classroom  Design,  the  students  may  not  care  how  many  persons  use  a 
space  but  father  how  they  use  it.    Thus  they  may  want  to  measure  not 
only  the- number  of  persons  engaged  in  different  atfi*vities  (e.g.,  talking) 
in  a  given  space,  but  also  perhaps  how  the  persons  are  arranged  within  the 
space.    For  example,  how  far  apart  do  persons  sit  while  talking  or  while 
reading?    Or,  does  the  shape  of  a  table  and  a  person's  position  at  the  table 
influence  how  of |:en  he  talits  'during  a  conversation?    Both  of  these  questions 
can  be  answered  by  students  by  measurJ,ng  distances  and  coutiting  how  often 
•individuals  contribute  to  a  conversation.  ^ 

An  interesting  illustration  of  how  space  influences  socia.1^ behavior 
is  ah  experiment  conducted  by  Jon  Emerson's  class.     Jon  divided  his  class 

in  two  parts  and  sent  one  out  of  the  room.     While  they  were  gone,  the 

) 

remaining  students  arranged  the  chairs  and  ta^bles  in  a  particular  fashion 

f 

ai^predicted  who  would  sit  where  when  t;he  other  students  came  back  into 
the  room  and. were  invited  to  sit  down.    They  then  observed  how  often  each 
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person  spoke  after  the  students  sat  down»     The  experiment  was  then  repeajted 
using  a  different  arrangement  of  chairs  and  tables  with  dramatic  differences 
in  the  number  of  times  given  students  spoke.    While  this  experiment  was  not 
done  in  conjunction  with  a  particular  USMES  unit,  it  might  have  been.  For 
example,  such  an  experiment  might  be  performed' by  students  in  Classroom  • 
Itesign  in  order  to  answer  a  question  such  as  :*^  "What  jls  the  best  arrange- 
ment  of  %he  desks  and  tables  in  the  classroom?" 

Thus  far  the  discussion  has  largely  focused  upo^*the  individual's 
needs  for  space.    Yet  in  Classroom  Design,  for  example,  the  students  may 
wanL  to  knqj/  how  much  total  space  to  allot  for  different  activities  within 
a  classroom    The  first  approximation  ban,  of  course,  be  easily  found  by  ^  Q 
multiplying  the  space  requirements. of  an  individual  engaged  in  an  activity' 
(e.gf,  reading)  by  the  total  number  of  persons  who^ould  be  doing  that 
activity  at  one  time.    The  children  might  also  calcul^e  the  ideal  size 
classroom  which  would  enable  them  to  participate  in  all  flesired  activities 
with  adequate  space  between  the  activity  area^."  %  '  ^ 

It  should  be  mentioned  that  there  are  space  standards  used  by 
architects  in  designing  bulldogs  and  laying  out  rooms  within  buildings. 
Many  of  these  standards  are  available  in  architectural  reference  boo&. 
Thus,  at  some  p^oint  in  the  students'  investigation  of  space  requirements 


it  might  be  interesting  to'ask  a  local  architect  to  visit  the  classroom 

to  explain  how  he  allocates  space  within  buildings, 
f  .  - 

It  should  be  clear  that  thqre  arp  many  ways  by  which  students  can 

measure  the  effects  of  physical ^arrangements  upon  human  behavior.    A  few 

^  :  • 

of  these  have  been  mentioned, here  with  the  hope  of  stimulating  further 
classroom  attention  to  the^ spatial  aspects  of  several , USMES  units. 


USMES 
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SPEED,  TRAVEL  HME",  VOLUME  AND  DENSITY  RELATIONSHIPS  IN  . 

traffic' FLOW* 

Speed,  travd'l  time,  volume,  and  density  are  rfour  important  factors  in 

*  Ik 

any  traffic  flow. problem.     The  relationship  of  these  variables  and  the  changes 
occurring  during  free-flow  and  congestldn  conditions  may  suggest  possible 
solutions  to  the  problem. 

A  serle^  of  typical  flow  relationships  Is  depicted  in  Figure  1.  Six- 
different  relationships  are  shown,  namely  the  relationship  between:  ^ 

1)  speed  and  Volume, 

»  *'  ■ 

2)  Travel  Time  and  Volume, 

•       3)     Speed  and  Density,  *'  ■     '  '/ 

4)  Trayel  Time  and  Density,  •  '  ^ 

5)  Volume  and  Density,  and  , 

6)  Travel  Time  and  Speed.  -  .       '  • 
In  their  observations-  of  traffic  flow,  children  may  encounter  one  or 

several  of  these  relationships.     Each  relationship  suggests  what  wlU  happen  to 
one  of  the  variables  when  the  other  changes  and  Is  demonstrated  under  two  types 
of . traffic  conditions:    a)    fre^-flow  traffic  (solid  portions  of  the  curve);  and 
b)    cong€>stion' conditions  (the  dotted  portions  of  the  curve).  ? 

Consider  relationship  (graph  1)  between  speed  and  volume.     This  says  that, 
irf  a  free-flo>«^traff Ic  situation,  speed  will  decrease  as  volume  increas^,  there- 
fore the  declining,  solid  rine.     However,  in  a  congestion  situation,  a  severe 
bottleneck  would  result  in  low  volumes,  and  (of  course)  slow  speeds;  light  congestion 

would  result  in  siightfl^  higher  speeds  and  increased  volume,  hence  the  positive 

'         '  U  s 

slope  to  the  dotted  line  In^Hgure  1.  * 

Graph  1  illustrates  the  importance  of  avoiding  congested  conditions:  for 
the  saine  voliane  v,  as  marked,  the  traffic  can  move  at  speed  S2  in  free-flow  traffic, 

r 


*Ba8ed  on  suggestions  by  James  Kneafsey         t  Yo 


but  only  at  the  mOch  reduced  speed        in  congested  traffic.     In  non-congested 

conditions  the  sape^amourtt  of  traffic  is  moving  along  the  road  but  at  much 

better  (higher)  spLds,  which  means  much  better  (shorter)  travel  times.  ^Figure 

2  illustrates  the  latter  point.     Travel  times  (t)  are  calculated  over -the! 

^me  distance  (d).     There,  at  volume  v;*  t^  =  d      and  t^  -  d  .    At  volume  v, 
V-  ^1  ^2  .  ' 

In  congested  conditions,  traffic  takes  time  t^  to  travel  distance  d.  while  it 
takes  a  much  short^ time  t2  during  non-congested '  conditions. 

What  is  happening  is  that  as  the  volume  of  traffic  entering  a  road  goes  up 
the  density  <number  of  cars  per  mile)  of  traffic  increases.    This  causes  the  cars 
to  slow  down  (Increased  travel  time)  which  decreases  the' volume  of  traffic  going 
past  any  point  (Volume  -  average  speed  x  density).    Consequently  cars  are  "backed 
up,"  causing  even  greater  density,  which  in  turn  slows  them  down  more, "etc.  When 
this  vicious  circle  of  condltionSj^xists,  one  has  congested  floi^.    Under  free  flow 
there  is  enough  space  between  cars  89  that  an  Increase  in  density  only  causes  a 
slight  slewing  d^wn  in  speed,  hence  allows  a  bigger  volume  to  be  handled- with  only 
a  slight  increase  in  travel  time.  .  /  '  ' 

Another  interesting  feature  of  graphs  1  and  2  is  thafe- there  is  a  maximmn^ 

volume,  v^  .    One  cannot  get  more  than  a  certain  number  of  cars  through  per  minute, 
max  ^ 

If  one  tries,  one  quickly  changes  to  congested  conditions  with  much  greater  density, 
and  much  slower  speeds-thus  actually  decreasing  the  volume  of  traffic  handled.  This 

is  illustrated  by  graph  5. 

As^ graph -3  shows,  the*  speed  always  decrt^ases  as  the  density  increases.  •  (One 
can  get  figure  3  from  figure  1  by  using  densitjy  =  volume/speed.)  Wli^t  one  notices 
on  this  graph  i-s  that^  under  congested  conditions  the  speed  drops  mor_e_ra£idlx 

iglA  (^increasing  density. 
"    '       As  another  exam^e,'  consider  relationship  (graph  6)  j^etween  travel  time  and  . 
speed:    ,in  a  conge'sted  situation,  speeds  (average)  ^ai;e  very  low  resulting  In  "very 


I 


.  V 


V- 
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TYPICAL  RELM'IONSHIP  CUKVES  FOR  TRAFFIC  FLOW  DATA: 


Free  flow 
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high  travel  times,  but  as  the  road  becoraes  less  congested ,^peed  increases  and  travel 
time  decreases — hence  the  inverse  (negative  slope)  relationship  between  travel  time 
and  speed.    Expr^ed  another  way:    in  order  for  travel  times  over  a  ^ven  distance 
to  be  reduced'or  shortenefl,  spJeed  must  be  increases.     But  that  is  only  possible  if 
densities  are  low  enough. 


ERIC 


•Speed  -  density  relationships  have  been  developed  ^^the  Merritt  Parkway 
in  New  York  SE^te.    Xl^'^ta  was  compiled  into  one  minute  intervals;    For  each 

"A       ^   ^  V 

one^^mlnute  group  the  mean  spee^  and  density  were  calculated  and  -plottedNin,  Figure  2< 
A  curve  may  be  fitted  to  the.  scatter  of  points.  Tlfe  data  doefif  jjot^nclud^  any 
gathered  during  congestion  conditlonigfe,  consequently  it  ressembles  the  solid  portion 
of  the  speed-density  graph  in  Figur^  1;       •  *  ' 

Children  will  probably  find  the  variables  of  voJame  and  speed  more 
>      meaningful  than  densifi^y.    They  might  also  be  able  to  cdlUct  data  Jn  those  two 


-^lean 
{  Speed  • 
If^Ues 

peV 
hour) 


variables  at  the  problem  location.  The  speed  data  ^ould|^ave  to  be  collected  on 
a  sample  of  cars.*    Volume  data  can  be  acquired  by  the  children  counting  cars  at 

a  specific  location  for  a  definite,  time  interval  at  various  times  of  day, 

^  .  '  f 

If  the  children  can  make  a  quick  count  of  cars  that  are  within  the  distance 

being  observed  and  then  immediately  start  counting  cars  going  in  and  out  of  the  roadway 

being  ^studied,  density  data  at  specific  times  can  be  later  ..constructed  from  their 

volume  data.    The  following  paragraphs  describe  a  field  study  conducted  by  traffic 

engineers  in  Chicago,  Illinois  during  1957.     ^^'^^  length  of  roadway  being  studied  ^ 

by  the  children  has  no  entrances  or  exits,  the  investigation  is  simplified 

considerably  from  the  Chicago ^study*  '  • 

*  « 

The  site  for  the  Chicago  Area  speed-density  study  is  a  quarter^-mile  section  _ 
of  Washington  Boulevard  between  Menard  Avenue  and  Austion  Boulevard  in  the  City 
of  Chicago.   J;he  section  consists  of  three  full  blocks  with  a  fixed-time  signal 
at  the  western  end/    A  uniform  w4,dth  of  AO  feet^  undivided,  with  parking  removed 
on  the  north  side  from  A:00  p»m.  to  6:00  p.m.,  provides  two  moving  lanes  for  the 


heavy  westbound  conmauter  movement.    Only  this  westbound  movement  \^  studied. 
There  is  no  commercial  traffic  except  buses,  and  these  ma^..-$tops  in  each  block. 


i 


Figure  3  shows  a  sketch  of  *^he  plan. 

The  3tudy  was  made|Erom  4:30  p.m.  to  6:00  p. m-  on  Friday,  March  8,  1957^^^^^.^^ 
The  road  was  dry  and  the  weather  clear.    Observers  A  and  C,  stationed  at  eacK.end 
of  the  section,  made  manual  cumulative  counts  of  entering  and  leaving  vehicles, 
respectively.     Thannbservers*  watches  trere  synchronized  and  the  cumulative  counts  «  ^ 
were- noted  at  the  end  of  each  ^ne-minute  period.     The  purpose  was  to  keep  a  running  • 
record  of  the  number  of  vehicles  in  "the  traff ic  stream  between  observers  A  and  C' 

at  any  time.     A  third  observer,  B,  recorded  vehicle^  entering  or  leavlrig  the  section 

'  ^  f 

between  A  and^C.     Note  that  in  the  Xhreeblock  section  traffic  can  enter  west  bound 

^     see  l^ip  by  Bernar4  Walsfi  for  descriptign  of  this  activity  •       *  . 
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traffic  from  only  one  street.  At  the  end'  of  the-  test  period,  the  observers  made 
a  check  on  the  cumulative  counts. 


Traffic  during  the  period  of  the  study  ranged  f rom  (As^ierate  to  heavy,  but 

/  ■■  -  ^    ■  '  r 

the  congestioAduring  the  heaviest  traffic  periods  was  not  so  severe  as  to  cause 


a  breakdown  of  traffic  flow. 


J 


t 


r 


%  . 


Jashington  JBoulevard,    Chicago,  Illinois 
Figure  3  *  . 


The  ^otTowlng  informktlon  Is  readily  obtained  from  an  initial  de 


count  plus  diff deuces  In  cumulative  counts  for  any  specific  length  obser- 


vat ion  time, 
f 

a) 


output  volume  for  time  Interval  between  cumulative  counts 
(difference  between  successive  output  cumulative  counts). 

b*)      input  volume  for  time  Interval  between  ^cumulative  counts 
.(difference  between  successive  input  comulative  counts). 

c)      instantaneous  density  at  times  of  cumulative  counts  (initial* 
density  -f  or^  -  difference  between  output  and  input  cumula--/ 
t^ve  counts) .  ^  .  '  ' 
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Owing  to  differences  In  the  times  to  which  they  apply,  density  and 
Volxme  values  cannot  be  correlated  exactly.     In  the  Chicago  experiii^ht, 
when  travel  time?  were  less  than  2  minutes  (with  one  minute  cumulati^^ 
counts)  the  foUowin^relatlonships  for  average  density  and  average  volume 
were  adopted • 

Average  denfeity  at  time  t      1/4  (density  at  time  ^"1  -^X,^ 

2x  density  at  time  -f 
density  at  time  t  +  1) 

Average  volume  at  time  t  -f  1/4  (Input  volume^^er  period  t'-Z,- 

t--l      input  volume  •over  period 
t-1,  t  4^  output  volunfe  over 
'    period  t,  t  +  1  +  output  volume 
over  period  t  +  1,  t  2) 

'The  effect  of  vehicles  leaving  the  section  at  intermediate  points 

must  be  considered.    Since  ^eljiTcl^s  which  leave  the  section  are  counted 

out  during  the  interval  in -which  they  leave,  the  density  value  always  repre-* 

^nts  the  true  number  of  vehicles  In  W  section. ^JkJ^er,  the  intermediate 

counts  do  not  appear  in  the  volume'  formula.    A; vehicle  leaving  by  a  side 

street  is  counted  only  as  part  of^  the^-lnput  vptume  and  there£«^/has  only 

.  * 

half  of  the  effect  that  a  through  vehicle  has  on  the  -average  volume.  Thia^ 
is  considered  to  be  reasonable.  . 


USMES       ■  * 
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A  bicycIV^^lv 


BICYC;.E  TEST  COURSE 
by 

'  Frank  O'Brien 


[ 


St  course  might  be  laid  out  by .students  working  on 
the  Bicycle  Transportation  challenge.    Preliminary  tests  would  have  to  be 

passed  by  potential  course  users  in  order  to  qualify  far  making  coujrse 

*  '       -        *  \ 

runs.  tests  could  include  a  roac^rul^s  test  and  an  inspection,  test 

for  bikes.  ^ 

•  •   •  -4:         "  \  ■  ' 

1.  ,    Road  rules  test;     (Role  of  bftyclist  on  road) 

a)      Which  s^ide  of  the  road  do  you  use  when  driving  a  bike? 
b) 


What  traffic  regulations  (signals,  signs',  one-way  streets. 


never  pas,stng  on  a  curve -or  on  the  left,  etc.)  do  you  observe  i 


c)      What  signal's  do  you  use  v^hen  you  turn  right ..  .left. .  .stop? 


d) 


What  do^^ou  do  when  ypu  approach  an  intersection  wlt^a 
traffic  light  that  just  turned  from  green  to  yellov 


e)  •  What  safety  equipment  shonld  a  bike  have  when  driving  at 
.     •  night?  '   ,  .  ^    .  V 

f)  Does  a  blQycle  require  m  liceitse.  plate?  '  . 

g)  Vlho  h§s  the  right  of  way^under  various  circumstanQ^s,-  etc.-?. 

Inspection  test  for  bikes:  *  '  '       ^  ^ 

-     •  .     A"  ^  ' 

a)      Good  tijes.         .  .    .    *     '         ^  - 


■  ^ 


l^p  }?y*   Qopd  brakes. 

c)    ^  Tight  handlebars. 

Fen^ars.        ,    ^  - 

V 

Check  Beat  for  looseness. 

ick  fot  broken  spokeg^  or  ^ent' wheels, 
guar^.  • 


■ 


an-- 


V. 
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h)      Tight  wheel  axle  nuts. 


t 


i)      Check  for  horn  or  beH'.-  '    ^  "    .  . 

'  ^    '  '  . 

#         j)      Lights.         -..  ^ 

k)      License  plate,  etc. 

The  ^bove  safety  check^for  bikes  can  be  made  by  kids  at  *the  school 

whether  they  vfant  to  run  the  bikes  on  the  course  or  not;  parents  may  ' 

consider  this  as  a  useful  service  that  is  necessary  to  keep  their  kids' 

\ 

bikes  in  a  safe  running  condition.    A  point  system  can  be  devised  for  this 
safety  irispection.    An  "OK"  inspection  "sticker"  can  be  created  and  attached 
to  bikes  that  pass  the  inspection.  ^  . 

The  students  'cart  discuss  what  sorts  of  things  should  be  included  on 
the  course  that  would  show  a  safe  driver  froifi  a  not-so-safe  driver.    A  list 
of 'sttuatlons  that  kids  actually  have  to  cope  with  during  their  real  bi- 
cycle  driving  experiences  follows:  ' .     .  ' 

1.      Tight  turns,  left  and  r^ght  (slalois  course)  . 

Stee^ uphill  Atadea,    /  , 

3.  Steep  downltmi  gVades^  *  ^  .    *  ' 

4.  •  Through  narrow  passage, 

5.  ^^er  .narrow  i)lank. 
6;      Through  wide  pudcjle  gf  waters 

7.  Aci^oss  sand  and/or  mud. 

8.  Inclined  plane  '^sklj>- jump?^ 
'  /         9.  \  Between  parked  -cars.  ' 

10,,     Speed  run  on  a  straight-away. 

11.  Braking  test  strip. 

12.  Traf/ic  light  stops  and  starts. 

'       '  ■  i 


DP17^3 


13.  Wi&ti  traffic  flow,  .   ^  . 

14.  Against  traffic  flow. 

15.  Across  traffic  flow.  ^ 
♦  etc.,  etc.,  others?  .  .  , 

The  students  should  keep  safety  In  mind  ,a£  all  times  when  laying  out 

the  course.    A  scaled-do%ra  sketch  of  xhe  course  can  be  made  on  cardboard 

or  large  p^eV' before  being  built.    Distances  can.be  determJkied  and  various  ▼ 

"events"  placed  according  to  the  terrain^,  etc.    One  possible  layout  is  skqwn 

oil  the  following  t>age.  -  , 

« 

Best  time  around  bourse  plus  highest  number  of  joints  for  performance 
at  each  test  point  could  be  used  as  a  standard  for  "best  drivers"  or  "safest 
drivers."    A  scoring  system  will  have  to  be  devised  based  on  hoW  difficult 
various  a'^pects  of  the  course  prove  to  be.  ^ 

Parts  of  thfe  itourse  can  be  used  for  specific  aetlvlties.   ^For^ example, 
the  braHing  run  can  be  us^d  to  test' braking  distance  at  various  speeds. 
The  students  could'  try  out  3-speed,  10-speed,  etc.,  bikes  on  the  uphill  run 
and  check  the  time  taken  -and  th^  energy  expended  in  getting  up  the  hill. 
Speedometers  can  be  chewed  on  a  levpl  part  ,  of  the  run  by  timing  the  rider 
over  a  set  distance.  *    •  ■  '   .  ■ 

'  '    ,    '  •    •  '     •  .      .    :  • 

In  constructing' a^d  using  a  .b^cy^ile- test,  coarse  sti^d^snts  Wilrl  ledrij^  and  ^ 

\    "  .         -  .  ,    -        t  ■  <  ■     ■  *  ' 

'  practice, man;^.  skills  sucK ^^ta^^dltiorv,  a,ubtrdjit'ion', '  niultiplication,  divisibn, 

plotting, ^measuring  distances,  angles,* measuring  time,  graphing,  scaling, 

computations  of  angles,  ratios,,  horse. power,  mechanical  advantage,  friction, 

■^peed,  data  taking,  val,ue  judgment,  analyzing  data,  and  forming  conclusions 

-}  -  -  ^  ,       .  , 

Abased  on  data  taken-  •  - '  •  '  . 


4 

4 


■  \ 
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-        USMES,  ■ 

•  ©  l973-Edjw*ation  Deveiopment  Center,  Inc. 

BASIC  CIRCUITS* 


simple  First  Circuit  -  The  first  circuit  can  be  built  with  only  three  # 
elements:    a  battery,  a  b&lb,  and  a  wire  or  some  other  conducting  material 
such  as  aluminum  foil. 

Four  methods,  of  lighting  a  bulb  with  just  one  battery  and  one  wire 
are  shown  below.     It  is  not  necessary  for  USMES  purposes  to  ask  the  children 
to  apend  time  discovering  more  than  one  method.    However,  the  class  should 
pollect  and, sketch  all  methods  as  they  are  .discovered  so  that  they  ^ 
will  be  able  to  use  whichever  way  may  be  better  adapted^ to  one  of  thei^r  liter 
design  probleijis.'      •       ,  .       ■         ^  _ 


'  Keeping  Records  -  'it's  ijaportant  f or  ^ildten  to  draw  accurate  diagrams  of 
*  their  . ciTcuits  not  only  tp  obtaln.a  better  Gnderstanding  but  also  fo^he 
purpose  of  reassembly  anci 'retrial  at  a'  later  date.     The  students  should  keep 
"    all. diagrams  and  reports' in  a  sjetial  folder  constructed  'fot  the  unit^  ■ 
•'  one'  design  for  a.go'ldWr  is  lUukf-rated.  in  the  s^t' hf  "H*ow  To'^  t^rds,  'W'To 


.  •      .  •      •/  Make,  a  Foldef  ^o  Hold  tour  Data  ,^  Urawlflgs  and  Repi^rts/'     If      student 's 

'         >    ^    O'         dWram^'is?inc/tWt. 't^J  the  teacher,  srtould  assemBl^^^^  • 
.    '  ■   -^t^dance  v^tV  .  the  de/ecrt've  diagram.    '  Usual  iy  the  student  will  respond  . 

J^th'a  statement'  to  the  ef  f  ecty^that ,  "Thafb^not  what. I  meantiY^To  whigh  . 


ERIC 


Ba&ed  on  suggest^ions' j^y  Thactfer  Robinson. 
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the  teacher  may  reply,  "Then  draw  a  diagram  which  shows  cle^ii^t^at  you  did 


tnean. 


The  student's  first  important  diagram  shows  cleanly  the  connections. 
•  ■  \  . 

made  in  a  one  bulb,  one  wire,'  one  battery  circuit. 


Two  connections  to  the  bulb  a^necessary  fo^  it  to  light. 
One  of  the^e  connections  can  be  made  anyvhere  on  the  threaded 
parr' of  the  base,  and  *he  other  connection  must  be  made  to. 
thrf*^lvery  metal  blob- on  the  bottom  of  the  bulb. 


Two  connections  to  the  battetvy  are  necessary  for  it  to  light 
a  bulb.     One  of  these  connections  must  be  made  to  the  button, 
.and  the  other  connection  must  be  to ' the  bottom  of  the  battery., 

•It  Is  important  that  children,  become. clear  about  these  points 
by  trying  o^t  various  possibilities,  for  example,  that  the  bulb 


will  not  light  if  both  connections  are  made  to  the  solder  tip 


df  the  bulb.  * 


A. 


Hardware  Necea^dftjes  -  Two -wire  circuits  are  diffifull^  to  manage  with  two 


'hands  without  using  battery  holders  and/or  b^b  sockets  equipped  with 
Fahnestock  clip*.    Aie;:er  their  initial  exg^-oratfery  work,aitt;.le .  ls-l|alned  '     .  u 
^by  having  children"  sfiWgle  with^'bati  cdnnectlons,  resulting  fron^e  use  of  , 
rubber  bands  or'  othe^  makeshift  connttrtors .    Alligator  clips 'c|^e  used  in 
piadfe  of  kahnestock  clip/.^   However,  sometimes  ^.  wine  lays  between  the  teeth 
^    riot  making -a  g6o4  contact.    This  can  be  fEustrating  to  children  If  if   ;  ^ 
^happeps  f^en.    The  children  should  be  encouraged  fa- make ^leir  own  batter^j^  ^ 
holders  and' bulb  .feockets  iri- the.  Design  L^h.    ^ASiiortage       su{Jpllee.  can  slow 
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down  the  children's  progress  in  designing^  an  filarm,  and  in  some  cases  makes 


a  child  discard  a  good  1 


designs  for  a  bulb  socket  aM^  batfcery  holder..  . 


A  set  of  "HoV  To"  cards  includes  nussible 


Circuits  for  Tesflng  -  ,It  ls(  conMehient  to  have  a  permanent  b^tery.  and  bulb 

>  ^  '        /       ^  ' 

tester  around.     It  can  b^  mounted  on  a  small  (4"  x  9")\boarul  fife  shown  below. 

Soider  all  co^nectioins  using  flexible  (stranded)  wire  to  allow^r  deforma-- 

tion  of  battery  holder  upon  battery  insertion.    Bad  connections  make  a  good 

battery  or  a  good  bulb  look  bad.    Check  soldered  connections  to  make  surd 


they  are  bright  and  shiney,  not  granular  or  cracked. 


BULB  TESTER 


BATTERY  TESTER 


\ 


Children*  should  be  aware  of  the  necessity  of  testing  the  tester, 
*  '  .        -■  ■ 

which  is  accomplished  by' tdfapprarily  putting^  the  tester  battery  .and  the 

L'  '  '  "     -•    •  , 

■te'ster  bulb  .'together  In  each  circuit.     They  tan  th^n  use  the  testers  to 

*  ■  ^  .       -■  ' 

.  .'        •  •  •  ■  ' 

separate'  good  batteries  and  bulbs  front  bad  ones.     The  task  is  more 

^interesting  if  there  are-  only  one  or  two  good 'bat.teries  and  bulbs  among 

•     •  .    -      y   '■        ■  '    ■    \         ■  »  • 

i  a  considerable  number  of  4,efective  ones,  since  this  necessitates  a  relatively 

■     y  ■       ■  f,  .  ■  ^  - 

-    systematic  trial  of  all  possible  battery  and  bulb  pairs  until  one  gets 'a*  , 

light.   'This  ■determines  one  definite^-y  good  battery  and  o-ne  definitely  feodd 
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bul^,  which  should  be  so  labeled.    This  good- batt;etry  can  then  be  used  to 
test  ..ail.  of  the  remaining  bulbs;  and  the  good  bulb  can  be  used  to\test  all 
of  the  remaining  batteries. 

Conductors  and 'insudators  ,  -  Oae  popular  early  type  of  burglar" alarm  ts 
activated  when  -a  piece  of  insulating  material  is  t>ulled  from  between  two 
conductors  In' *a  circuit.  -  The  ^children  can  discover  which  mater-lals  are 
cortductors  and  which  are  insulators  ^  iising  a  test  circuit  such  as  the 
one  shown  below.    To  test  'the  test  circuit  it  is  only  necessary  to  touch 
wires  A  and  B  together.     If  the.  light  lights,  then  the  test  .circuit  is 
working  properly.     Buzzers  can  be  used  in  place  of  li^ts  ift  all  test  circuit 

;«  • 

■  '    .  A  B 


\ 


S. 


} 

CONpUCTOR  TEST  CIRCUIT  ;    '  . 

'      the  ch^dren,  can  connect  different  tnateriais  between  A.  and  B.     If  the 
bulb  "lights,  the  material  is  «  conductor  with  properties  that  perm^r*  an 
electric  current,  to  pass  through  it.-   If  the  bulb  does  not  llghr,  the  material 


ERIC 


\ 


EC1«5 


is  an  insulator  or  is  too  poor  a  conductor  to  permit  enough  electiricity  flow 


to  light  the  bulb. 


jCONDUCTORS; 
nail 

metal  spoon 
tin  can 


INSULATORS: 

 ^ 

finger 

plastics  generally 


eraser 


unpalnted  metal  in  general  water 
sctew  driver  wood  or  linoleum  floor 

!  chalk 

Air  Is  an  Insulator.    Air  like  most  insulators  will 
conduct  ^lectiricity  generated  at  very  high  voltages. 
This  shows  up  as  sparks  or  lightening.  ,^  . 

Drawing  Schematics  -  In  order  tq  save  time  in  sketching  their  circuits, 

f  "  - .  ,  ■  ^  ^  ,  ' 

the  children  should  learn  to  use  symbols  for  the  different  tlrcult  elements. 

Some  symbols  easily  understood  by  young  children  are  shown  below.    They  - 

should  ti:y  drawing  a  schematic  of  a  ciftuit  and  then  assemble  it  by  following  > 

their  drawing.  -Th6  following  forms  are  simple  and  sufficiently  explicit. 


wire 


battery  (in  holder) 

— o— 

,  4 

bu]b,  (in  SDGket): 


tvi6  wires  coilneetim 


BUZZER  - 


Buzzer  (or  other  device),  , 


switch'  (open) 


two  wires  not  connecting 


W  1 


Closed  and  Open  Circfults  -  The  terms  "closed"  anckjjapen"  are  often  confused 


h'Qt  are  essential  -for  easy  verbalization  of  circuit  conditions.  •  The  follow- 
ing sketches  illustrate    these  two  conditions. 

.  .V-  ■  • 


CLOSED  CIRCUIT 


Arrows  show  the  flow 
of  electricity  which 
lights  the  bulb. 


Electricity  goes  all  tf\g  way 
anound  closed  circuits. 


OPEN  CIRCUIT 


Electricity  can  NOT  flow 
across.  OPEN  circuits. 


\ 


SwitchK  -  The  children  will  find  that  switches  are  an  important  part  of 
their  improved  alarm  circuits,    fhe'  sketch  on  the  next  page  shows  a  Switch  which 
can  be  easily  constructed  by  the  children  from  ipetal  strips  cut  from  coffee- 
cans. 


f3 
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Jl)    Cut  and  bend  a  piece  of  3/4"  x  6"  strip  from  a  tin  can  as  follows: 


4" 


(2)    Attach  the  strip  with  Fahnestock  clip  A  and  a  No.  6x  5/8"  roundhead 
wood  screw  to  a  3"  x  5"  x  3/4"  pind  bokrd..   It  should  be'3/4"  from 
the  edge,  as  shown  in  the  picture  below. 

» 

The  screw  holding  the  strip  should  be  just  loose  enough  so  that  it  can  be 
moved  stiffly  in  the  directions  of  the  arrows: 


1 

 % 

,.  

— V— ^ 

H  B 

1 
/ 

3/4 


Ff 


3/8" 


(3)    Attach  Fahnestock  cl^p  B.  to  the  pine  board  with  another  screw,  as  'shown. 


(4)    The  strip  shoulj|  be  lieiit  up  eo  that  it  remains 'about  %"  above*  clip  B. 

Th6  distances  givei),  here  are  important  if  you  wany  to  be  akle  to  ad<l  cer- 
tain parts  to  your  switch  later  for  more  complicated  exge:i^ents/  ^ 
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J^j^  children  should  try  to  use  one  switch  to  turn  two  bulbs  on  and  off  at 
the  same  time.    Several  possible  circuits  are  shown  below. 


6  Q 


CIKCUIT^ 


CIRCUIT  II 


0 


CIRCUIT  iir  .    ^  .  ,    -  v 

The  switches  in  circuits  I  and  11^  wiy.  turn  on  both  bulbs^when  they  are- 

closed.    The  bulbs  in  circuit' I  wijl  be  •^tighter  jthan  the  bulbs  in  circuit 

II  since  they  are  connected  in  parallel  instead  of  in  series.  Children 

can  refer  to  the  set  of  "How  To"  cards  on  connecting  several  things  to  one 

I 

battery  if  they  need  the  information  for  their  alarms. 
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If  the  children  conndg^the  switch  in  Circuit  III,  they  will  make  a  "^lort- 
circuit"  which  will  turn  off  the  light  and  cause  the  wires  between  the  J 
switch  and  the  battery  to  become  hot\when  the  switch  is  closed.  Students 
be  referred  ^o  the  troubl^shootlnjs^sequcnce,  "Why  Do  Wires  Get  Hot?" 


/ 
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Thia  Is  not  a  safe  circuit  because  of  the  danger  of  a  fire  being  started 
by  the  hot  wires  when  the  swij:ch  is  closed.     It  will  also  discharge  the 
Battery  very  rapidly  when  the  light  is  not  lit.'  /Many  children' discover' 
the  short  circuit  when  they  look  for  a  way  tp  make  a  light  go  on  "When  a 
burglar  breaks  the  foil  in  a  window,  thus  opening  the  circuit.  However, 

this  type  of  alarm  is  quickly  discarded  when  the  children  find  out  that 

V    .  ... 

the  batteries  do  not  last  very  long.  • 

Several  Switches  in  a  Circuit;    The  )Uknd"'and  "pr"  Circuits',  Possibility 

Tretes,  Puzzle  Circuits*  • 

 ^  '  -X  .  / 

Many  children  are  »e«ljed  in  tW  design  of  a  relay-type  alarm  until 

they  realize  the  potential  of  using  two  switches  in  a  circuit  (or  a  doiible 

switch  in  two  circuits).    The  introduction  of  "And"  and  "Or"  circuits  and  , 

puaale. circuits  may  lead /^o  experimentation  along  these  lines.  *    ,       '  ' 

The  following  circuit  is  called  an  "And"  oAtcult  because  both  switch 

A>aad  witch  ^.must  be  closed  for  the  bulb*  to  light.  -  , 


Switch  A 


1 


"And"  Circuit 


The  children  can  list  different  j)osslbl«>  circuits  in  a  iossiblllty  ^ee 


*Note:    The  examples  in  the  next  10  pages  represent  supplementary  aptivitie's 
in  which  elementary  circuit  design  can  be  explored-.   In  themselves,  they.' do 
not  represent  a  practical  challenge.    However,  es^cially  i^or  primary  grade 
children  they  may  be  interesting  parallel  activities  which  will  feed  skills 
and  ideas  into  the  children's  continuing  activities  in  USMES  units. 
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A  tree  for  them  toWill  out  is  shown  below,  followed  by  a  completed  tree. 

SWITCH  "A"       ^  !9WlTOH  "B"  '   -  BULB  LIGHTS 


Open 


no 


closed 


closed 


SWITCH  "A" 


open 


closed 


'  swiT'dir  "B" 


closed 


BULB  LIGHTS 


no 

no 
no 


•ye^ 


Thfe  childr^iiLm^"  also  llke^to  make  up  sentences  which  will  fit  th^  • 
"And"  circuit."  They  could  put  removable  labels  on  their  diagrams  tihe 
proper  places.    Showw  below  is  one  labelled  diagram  and  othfei  examples  of 
sentences  for  the  "And"  circuit'. 
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The  cake  is 
in  the  d.\fen. 


Yhe  oven 
turned  on. 


6 


The  cltke 
is  baking 
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POR  SWITCH  "A"  FOR  SWITCH  'JB'V  -  FOR  THE  BULB 


Johnny  is  on  The  train  is  -   Johnny  is 

the  train.  *  moving.  moving 

It  iss  ^aininlf  ^   I  am  outdoors  ^  i.      I  am  getting 

'  .  *           I  .    '        "  -wet 

3ill  is  running  '  .  SusJin  opens  her  Bill  runs  i!ito 

down, the  hall  •              door  suddenly.-  ^        the  dqor. 

past  Susan's  ,%                              ,  7 

.room.        '   V  •                         •  : 

Jfiary  is  very  The  teacher  giyes  Gary's  project 

interested  in  .  .  Mary  useful  help.  will  succeed. . 
her  project. 

It  is  cold 

outside.'  open.*           ^'  *   .  draft. 


It  is  cold  The  window^is'  *   There  is  a. 


^ 


The  following  circuit' is  called  .an  "Or"  circuit  becaua^  the  bulb  will 

•       ■  I.  / 

light  if  elther>swltch  A  is  closed  or  swtlch^  is  closed.  .   •  _ 

Astute  children  may  comment  that^the  bulb  will  al^o.  light  in  ;tK'i8  circuit 

m  ,  ♦ 

If  both  switch  A  and  s'iTitch  B  are  closeid.'    If  this  happens,  it  may  be  worth-  . 

■    '  '  '    —  ,         .  * 

while -to- point  out  that  English  us^s  "or"  in  two  senses:. 

Inclusive;     "A  £r  B  dr  both,"  sometimes  written  "A  and/or  B.^ 

Exclualve:     "A  or  B  but  not  both."  \ 
^ften  the  context  determines  which  ^meaning  is  intended. 

In  nK)8t  situations,  the  Inclusive  "or"  is  more  natural  and  convenletit. 
Fbr  this,  rdason  logicians  "and  mathematicians  have  taken  the  inclusive  as  the 
primary  meaning  of- "or".    The  simplicity  of  our.  "or"  circuit  is  also  one  of 
the  re^asoas  for  this  choice; 
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1 


•  ) 


o  


swltcii 


•J 


svitcb  B  ■ 


X 


"Or"  Circuit 

'  The  childi;en  ban  fill  in  a  Tree/f  Possiblli'ty  f  oi^  the  I'Or".  circuit . 
\he  completed  chart'. is  shown  below, 

SWITCH  "A" 


\ 


V 


open 


closed 


J 


cldsed 


BULB  LIGHTS 
no 
yes 
yes 

yes  ' 


T?he  following  are  some  sentences  whiqh  make  sense"  in  an  "Or"  circuit. 


The  childjren  .may .  invent  many  more. 


FOR  SWITCH  "A" 


FOR  SWITCH  "B" 


FOR  THE  BULB 


1.  It  is  Saturday. 

2,  "John-         up  la»to^ 

watchinp  TV.' 

,    3.,  J«ary  has  a        *    .  ^ 
Spralpe,d  ankle. 

'4.  /It.  "is,  raining., 

5.     Bill  has  no,  money.  * 
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It  is  Christinas. 


/ 


/  There   is  no 
schooT*  today . 

John  isil^*  t'  interested     John  isn»t  • 
in  the  cl^sswbrk.      "       learning  much 


Mary  is  'absent 
today, 

,The  snow  is  melting. 

Bill   is  an 
©coldgy  fr^ak. 


;today.     *        .  ' 

Mary  wdn't  ^^i^ 
iti^  the  r^ce  tod: 

The  grass  is  v/c  1^-^ 

Bill  won  '  t^  buy.  • 
a  car,         ,  ~ 
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In  orde(r  to  complete  puzzle  circuits,  the  children  must,  learn  syimols 
which  show  whether  a  ^^d^tch  is  definitely  closed  or  definitely  open.  ^  The 
regular  schematic  symbol  for  a  switch  does  not  tell  us  the  condition  of  a 
switch/  and  is  therefoife  used  as  the  inconqplete  syn4)ol  in  a  puzzle  circuit. 

Therefi^,  in  puzzle  circuits  we  use  the  SYMBOL,S:  ,  ^  . 

( 


switch,   condition  NOT  DE^TNITE 

_V^o-.   switch,   DEFINIT^ILY  OPEN  ' 

-<rt —   switch,  DEFINITELY  CLOSED 


Similarly,  the  schematic  for  a  bulb  in  a. -socket  is:  4 

•  •      -tO— . 

However,  thi^  picture  dbesn't  tell  whether  the  bulb  is  lighted  or  not. 
If  we  want  Co  say  definitely  what  the  condition  of  the  bulb  is,  ^we  can  use 
the  following  symbolic  code: 


o 


<5> 


bulb  LIGHTED 


bulb  NOT  lighted 


Several  examples  of  puzzle  "circuits  are  shown  below.    The,  first  picture 
shows  the  condition /)f  the  bulb  is  not  definite..  However,  the  swit^  is 
shown  as  definitely  open.    Therefore,  the  picture  can  be  completed  only  as\ 
shown  by  making  the  bulb  as  defin:^ely  not  ligh^ted. 

 (y^   .   O-^O  ^ 


Puzzle  Circuit 


Complete  Diagt*am 


In  the  firsfc/picture  below,  Blnce  one^of  «the  lights  is  shown  as  not 


lit,  the  switch  mupt  ba^'^en.  Then  as  a  cons^equence,  the  other  light  mifet 
also  be? >uQ*it*.  This  circuit  axtA  thq^^es  following  show  parallel  connec-- 


td^n^.     See  Page's 


for  a  discussion  of  Series  and  parallel  connections 


The  children  may  enjoy  inventing  puzjsle  circuits,  but  they  should  be 
encouraged  to  continue  with  alarm  designs^  as  soon  as  they  Vdes ire.    The  use  of 
several  switches  in  an  alarm  "^y  be  seen  only  as  a  resul\  of  further  i^nves--^ 

tigatlon  of  simple  circuits.     Some- children  see  q.uickly  £he  use  of  an  electro- 

*  I  •  « 

magnet  in  their  alarm  circuit^  and  a  way  to  make  a  connection  in  a  second 

'circuit  by  dropping  ametal  piece •    l^owevex,  they  may  not  immediately  see 

the  electromagnet  as  a  typey^  switch.    The  /sMES  approach  of  "If  it  works, 

it's  right''  shouid  be'followed  without  undue  emphasis  on  termin61ogy  .  Shown 

below  are  three  oth§r  puzzle  circuits  with  completed^dlagrams  and  explanations 


A. 


Puzzle  Circuit 


V 


«C1-15 


Completed  Diagram 


i 

Tbe  light. Js  show^  as  Iji t,  therefore 
switch   "A"  must  be  closed.     Switch   "B" * 
must. be  open,   since . otherwise   it  would 
create  a  shd^r t  circu i t 
across  the-  bulb/  which  would  prevent 
most  .of  the  cyrrent  from  going  throiigh 
the  Dulb. 


. ..  c 


B. 


t    0  c 


t      '  ■  1 


Puzzle  Circuit 


If  el ther  switch  "A"  or-  switcl 
»'B".  w€re  closed^  there  would 
a  closed'  c ircui t  which  would 
ligh.t  the  bulb.  Therefo3>e, 
since   the  bvilb  is  specified 
as  unlit,   neither   "A"  nor  "B" 
c&n  be  closed.  / 


1 


1 Completed  Diagram 


-7 


*  c. 


7 


-4/^0 — t-c^ 


6  ^6  y 


PuEel^  Circuit 


.  6 


4ince  bulb  *"A'>  is  specif  ir^vd 
s  aii,  all  of  the  switches 
mVL^t~^^  "Erased.-    But  ttien  • 
all  of  the  buibs  will  light 


Coippleted  Digram 


r 
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^  Soipe  puszle  circuits  have  more  Chan  one  possible  completion. 
The  puzzle  circuit        }  f — *  * 


has  "irHREE  different ,  possible  completions: 


:>4  p. 


5 


The  following    puzzle  circuit  also'ha^  three  possible  completions 


It  may  heiV  to  make  a-  tree  of  possibilities  for  'the  switch  conditions 


and  resulting  bulh  'conditions.    The  completed  tree  is  shotm  below: 


Switch  A 


Switch  B 


V  Bulb  Lights 


open 


no 


ECl-18 


The  top^  three  brandies  correspond  to  all  the  possible  completions  of 
the  given  puzzle  eircudt  SJfhich  specifies  the  bulb  not  lit.    The  three  com- 
plete^  dlagraaas  are  shoim  below.  «         ^  . 

fH-,  A 


B 


® 


A  pi^zle 'circuit  four  ele&ents  is  showt^  below. 


\ 


.0=    o  ■ 
-   1/ 


c 
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The  tree  of  possibilities  shows  that  all  four  branches  correspond  to 


ppssijile  cpmpletlons  of  the  circuity 


Switch  A 


open 


closed 


Switch  B 


closed- 


C  Lights 


I* 


no- 
-  no- 
yes- 
yes 


V, 


D  Lights 


no 
no 
no 


-yes 


Conqjleted  Diagrams 


Switches  that  Open  the  Circuit  When  ¥ou  Putsh  Ae  Handle 

The  students'  first  switch,  can  be  converted  into  a  switQh  with  more 

\  '  ' 

interesting  gogsibiiities  by  adding  an  upper  contact  like'  this:  • 


ECl-20 


\ 


Cut  from  a 
3/4"  tin . strip 


4 


The  distance  between  <Ji4ip  A 
and  clip  B  shoiild  be  g^reat 
enough  .so  that  the  strip  can 
still  be  slipped  under  clip  C 


/ 


The  schematic  representation  of  this  switch ^is: 


A  ^-^ 


B  o- 
C  o- 


•  It  is  customary  fdr  such  schematics  to  show 

tfte  switch  in  its  normal  (up)  position. 

The  switch  cm  be  connected  in  the  following  circuit  so  that  a  light.^ 
is  lit  at  all  times  except  when  the  handle       pushed  down. 


/ 


Circuit  Normally  Closed 
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•  The  children  may  be' interested  in  looking  far  a  wajr  to  connect  |Piore 

'    '    .    I  ^  ' 

.than  three  of  t^ese  switches  in  a  circuit  so  that  'a  buzzer  of  light  will 

operate  only  when  some  of  them  are  push6d  and  others  are  not  pushed*  This 

is  accomplished  by  connecting  the  switches  so  that  some  close  only  when 

they  are  pushed  and  others  are  closed  only  when  they  are  not  pushed.  See 

'  *   ■•        •         .  '.  '  / 

^following  diagram.  '         '  , 


Bulb  will  light;  only  if  switches  2,  4,  and  5  are  pushed  down  (i.e.  to  the  r^ght) 
and  if  switched  1/^3  and  6  are  not  pifshed. 

Each.branieh  in  this  tree  does  correspond  to  one  way  one  caa  wire  the*, 
combination  lock,>  and  the  one  combination  which  will  close  the  circuit  so 
wired.  '  EsEch  additional  switch  in  the  lock  doubles  the  numb^  erf  braxiches 
in  the  tree  of  possibilities;  so  that  we  obtain  a  table  like  th^s: 


No.  ojF^switches 

in  Jlock  % 
^  1 

2  \ 


5 
6 
7 
8 
9 
10 


No.  of  possible 
combinations 
2 

8 

.  16. 

32  , 
64 
Ij 

•  512 
1024 


r 


In  general,  n" switches  give  combinations.  (If  you  include  the  trivial  on^s 
in' which  the  circuit  is  closed  when  you  pUsjr"no  switches,  ^r  all  switches.) 


i 
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Swjtcheg  that  Alternately  Connect  Several  Different  Gac^gets  ^ 

•      The  switch  shewn  on  page  Dl-23can  he  connected  so  that  the  l^.ght  - 
switches  back  and  forth  between  ^o  bulbs  as  the  handle  is  pushed  up  arid 
down.    See  diagram  below.  '       .  ^  • 


Circuit  For  Alternate  Operation. 


ERLC 


Non-MoB^ntary  Alternating  Switches  -  Switches  that  will  stay  equally  easily 
in  each  of  the  two  positlotis  can  bfe  constructed  according  to  the  following 


diagram. 


Scjicmatic  symbo^^ 


A  rotary  nwitch  ia  a  variation  of  the'  above  whith  can  control  more 


than  two  gadgets  as,. follows:  \ 


•stop 

SCREW 


*STOP' 

SCREW  TO  um 

THE  ROTATION 


Sobe'matic  symbol 


Rotary  Switch  ^ 

<  ■  *  '  '        ',  ■  \ 

"  Students  might  be  Interested  ,ln  Investigating  how  the  wiring  is  accom- 
».        ■        '    '  '  * 

plished  when  a* light  can  be  turned  both  on  and  off  at  two  different  places, 
for  example,    at  the*  top  and  bottom  of  stairs.    Two  switches  can  be  used 
wlthitwo  alternate  current  paths  between  the  switches.    The  schematic  dia- 
gram is  shownB^I^Ujw.    .(E^ich  switch  Is  sprung  so  that  It  caa  only  rest  in 
one  of  ifhe- contadrc.  positions  -  never  in  between.) 


b 


Switches  Connected  for  Independalit  Control 


SeveraUvar:^eties  of  switdiing  mechanisms  have  \een  improvised  for 

use  In  alarm  circuits.     Some  Ideas^which  have  provejd  successful  are:  ^ 

*    •    1.    lietal  strap  which  pushes  against  another  ifie,tal  strap 

when  door  opens,  and 'springs  away  again  wHen  door  closesv. 
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2.    Hinged  and  spring-mounted  floor  board  which  drops  a 
.  short  distance  to  close  p  contact  when  stepped -on,  and 
•   springs  up  again  afterward. 


3.  String  tied  to  door,  working  through  pul^eya  against  a 

.weight,  to  open  and  close  a  switch. 

« 

4.  Permanent  ma'gnet  attached  to  door  or  window  which  when 
*  '       pulled  away,  allows  a  switch  to  spring  clqse.       "  ' 

5.  '  One  very  popular  solution  consists  of  two  springy  pieces 

of  laetal  mounted  so  that  they  snap  together  wheii  a  card- 
,  ^  board  or  thin  wood  separator  is  pulled  out  from  between 

them  by  a  string  connected  to  ^oor  or  window..    This  has  .  ^ 

the  advantage  that  a  long  or  sharp  pull  on  the  string  / 
won't  damage  the  switch.  ^  .  ^ 

6.  One  can  mafke  an  electromagnet  with  many.  tums'Vof  wire 
(to  reduce  current  cpjisumption)  which,  when  de-energized, 

/   ^  by  its  circuit  being  opened  by  breaking- a  window,  etc.. 

Xallows  a  springy  piece  of  metal  to  snap  back  to  close  a 
second  circuit  wlilch  activates  the  alarm.  ^1% 

■   '    V  '      .     ■  '  .     '     .      .  > 

A  .set  of  •'How  To"  cards  on  'liow  to  Use  Sleet rdma^etsj  to-  Turn  Thifgs  in 

Electric  Circuits  On  ^tvd  Off'/develops  the  last  Ide^- ,  Notes  on  these  cards 
Uging  Electromagnets  as  Switches        .  ^ 

In  theiif  investigations  of  burglar  alarms,  especially  broken  window 
alarms,  the  children  will  be  looking  for  a^way  %o  activate  a  buzzer  or 
b^ll  whenvia  circuit  is  opened  by 'rfavlrig  a  foil  connector  broken.    They  may 


4^ 


> 
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•  *  ■  V 

s^e  l^w  it^  can  be  done  with  a  momentary  relay- type  swltclt  (^e^  Car3  3-  in 
IJiibw  to  Turn  things  in  Electric ^itrcuits/pn  and  Off").    The  probl,^  then 


is  f5  find  a  way  to  operate  the  8wit?cl|  automatically 

'  { 

16  way  t 


The  use^  of  magnets  may  be  viewed  aS  one  vay  to  havTNtwtf  ixie(;^S  pf 
metal  (iron  or  steel)  come  together  ^^^^^^^^^^^^^^(^^  groups  may 
^investigate  J5^P  ^gnets^afid^  elefctromagn  The  following  para- 


want  to- 


7 


gr^phs'rfiagfest .  the  experiments  that  can  be  carried  out  by  the  stodents^. 


r 


Bar  Mifenets  -  By 'bringing' three  bar  magnets  together  in  different  ways, 


the  students   can  establish  that  like  poi^  repel  and  unlike-  poles  att 
They  first  mark  one  emfof  one  magnet  with  an  X,    The  ends  of  the  other 
two  tnagnets  which  are  repWled  are  marked  with  0*s.    Tfifey  *then  try  ^hose 
ends  together •    In  this  way  they  find  that  like  ends  repel.    After  labeling 
the  unmarked' ends  of  the  three  magnets,  they  can  check  their  assux^Jtlon. 
They  will 'also  establish  the  fact  that  all  magnets  have  two  unlike  poles. 

ka^^tlc  ^Compassefij      By  using  a  bar,  magnet  ^^h  a  cotapass  needle,  they 
can  discover  that  a'coi4>ass  needle  is  a  bar  magtiet.    Tt^  compass  needle,  ^ 
because  of  its  mobility  can  then  be  used  to-  observe  the  magnetlq 
field  around  a  single  current-carrying  wire. 

The  compass  is  placed  directly  over  an  unconnected  wire  so  that  the? 
needle  points  along  thfe  wire.    When  the  ends  of  ttie  wire  are  conne-qted  to 
a  battery,  the  compass  needle  will  ts^sj:^  about  90*  from  the  original  direc- 
tion.   When  the  connections,  to  the  battery  are  reverseti,  the  needle^ill 
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i. 
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\ir 


a  * 


turn  90 


"  Ip /he  oppo^te' direction  .as  sho^  in  the"  following  diagram.^ 


V 


•*  When  asked  to  find  how  a  bar  magnet  can  pjrt)duce'  tt^  same  motion,  they 

can  discover  that  they  must  put. a  bar  magnet  perpendicular  to  the  dlrec- 
tion  of  the  wire  and  alfernate  ends  pointing  to  the  needle. 

Elect romagnel/s  -  The  klOs  may  be  isked  why  a  current-carrying  wire 
will  not  attract  iron  pieces  wKile  a  bar  magne^  will.    They  may  suggest  that 
Xthe  magnetic  pull)  •  is  too  weak'.     If  the  wire  is  wound  in-^  coil,  the  V. 
current  will  pass  near  one  place  many  times  and  build  up  the  magnetic 
'♦'force.    The  children  can  wind  ten^t  of  wire  around  a  two  inch  length 
j^of  1/2"  diameter  plastic  tube.    To.  test  the  strength,  they  Will  have  to 
push  "tie  tip  of  a  nail  (1/2"  i»ng)  in  the  end  of  the  W^e;  the  magnetic  » 
field  is  strongest  at  the  center  of  the  c^fl.  ^ 

An  iron  core  will  multiply  the  forpe  about  500  times,  making  the  force 
at  l^he  ends  large  en6ugh  to  attractfa  nail  placed"  a  sho'rt  distance  sway. 
The.childl-en  can  discover  this  by  placing  several  different  objects  such, 
a^^ pencils,  chalk,  wood  dowels,  and  iron  nails  or  bolts  inside  the  tube. 
•.  Only  iron  objects  will  affect  the  str^gth. 

Wire  can  be  wound  directly  on  an  iron^ii  or  bolt  . If  It  is  covered 
with  maskihg  tape' first .*    The  following  steps  can  be  followed,  but  the 
children  will*  feel  more  free  to  Investigate  differ^t  magnets  if  allowed 
to  develop  their  own  construction  methods.    They  will  better  recognize 
remember  the  principles  involved  if  they  proceed  by  trial  and  error  to  test 

.         *  \  - 

their  own  ideas.  /  -  ^ 


Wrap  masking  tape  around  the  bolt. 

.  '  ■• 

/  2,    H&asure  off  20  feet  of  nuiaber  26  magnet  wire.    Wrap  it 
J  around  soxnething  .to  keep  it  from  getting  messed  upT 

3,  Wlnd'^out  a  foot  of  the  wire  at  onQ  end  of  the  bolt,  -^^ 
Hold  it  in  place  with  masking  tape.      >  ^ 

4,  Now  wind  the  rest  of  the  wire  as  smoothly  as  possible  on  the 
bolt  in  two  inch  long  layeTs . 

/ 

5,  Unwind  inslBe  end  of  wire  and  place  over  last  lay^r. 

6.,  Wrap  tape  oVter  the  coil,  leaving  enough  wire  free  to  S      .  . 

connect  tb  battery. 

7.    Scrape  off  insulation  from  each  end  of  the  wire, 

Experienij^e  in  development  classes  has  shown  that  number  28  wire  not 
only  breaks  easily  but  also  is  easily  kinked,  with  the  insulation  crackin|| 
when  the  kinks  are  pulled  out.    Nuni)er  18  wire  is  too  thick  to  wind  easily. 
Therefore,^  the  best  sizes  of  wire  to  use*  for  electromagnet  experiments  are 
#22,  #24,  and  #26.^  Not  all  sizes  need  to  be  tried  for  each  experiment. 
Once  the  children  find  that  batteries  do  not  last  long  when  the  tl^lcker 
wire  is  used,  they  will  p  rob  ably  \deicide  to  use  only  #2W^wire  for  the  other 
experiments. 


2  I)  » 
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Hopefully  the  children- will  recognize  the  fact  .that  an  electromagnet 
can  be  used  ad  a  switch  9rhich  controls  tvo  circuits,  _ When  a  piece  of  iron 
is  attracted  to  the  magnet,  it  fcompletes  one  circuit.  •  When  tJ^iis  circtiit 
is  opetied^by  a  break#'in|<a^oiw  connection,  the  iron  piece    .drops;  making 
contract  with  another  laetal  piece  to-  close  the  huszer  circuit.    Card  4  in 
the  "How  to  Use  Electromagnet..."  set  hints  as  this  setup  by  asking  the  " 
children  to  trace  the  current  path  in  such  an  at:rangement  before  and  after 
foil  in  the  circuit  is  broken.  Thei:^  diagrams  inlky  show  the  current  path»  as 


follows : 


Before  foil  is  broken: 


4 


(JU  I  fsi  DouJ 


1 


\ 


\ 


/ 


After  foil  is  4)roken: 
Uj  I  r>a  DouJ 


^/LeC-T  ftO  MAC  NET 


/ 
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A  flow  diagram  nay  be  helpful: 


BURGLAR  FREAKS 
DETECTOk  WIRE 


t\  f 


CURRENT  .'STOPS-: 
IN  CIRCUIT  1 


iELECTROMAGNET 
IS  DE-ENER,GIZLJ-^ 


.  ^  , 

> 

/  * 

A 

BUZZER  SOUNDS 

CURRENT  STARTS*-^ 

s 

A :   

SWTTCH  A 

ALARM  ^ 

In  CIRCUIT  2  . 

It 

CLOSES 

 *    .^..^.l     .                             ■■■■Ml      1  1 

• 

— — _  — —  ■ 

• 

The  electromagnet*  and  ifis  associatiBd  switch  constitute  a  form  of  relay, 
which  in  this  case  function  &s  a  "not"  circuit,  iit  the  sense  that/  current 
flows -in  circuit  2  if  and  only  if  current  is  not  flowing  in  circuit  1. 

Compare  with  "and"  and  "or"  circuits           pages  Dl-12  -  Di-15.  ^  . 

\  '  '  ' 

Some  chilaren  may  want  to  investigate  elaborate  hookups  for  their 


I 


alarfiis.  They  might  be  interea*ed  in  a  long  distance  warning^  system,  or 
in  a  set-up  which  will  give  a  wmming  if  4  %reak"  is-  attempted  in  any 
one  of  several  places.  The  following  diagram  shows  three  burglar  det- 
ectors  connected  in  a  generalized  "or"  circuit  fio  that  the  buzzer  will 
sound  if  any  one  of  the  switches  is  closed. 

 — H-^i'^ 

Lght 


— indicator 


* 

1 


indicator 
light  - 
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They  may  w^ht  to  refine  the  abov«  system  so  that  a  light  will  ; 
indicate  at  which  plaqe  the  alarm  has  been  activAfied.    This  can  be  done 
by  inserting  a  light  near  each". switch  as  indicated.    Otherwise  i^  can 
be  done  with  a  type  pf  burglar  detector  switch  which  eidbes  two  separate 


*1    ■  r 


/ 


V; 


circuits  ^at  the  same  titne  when  it  is  activated.-  One  circuit  sounds  the 
general'.  a^rm;o  the  other  circuit  lights  the.  individual  position  indicator 

light.       .    \       ^  , 


Such  switches  can  be  made  -in  maii;!^  ways.    ChlVe^cample  is: 


H      f  ■ 


(It  is  activiated  by  pulling  the  string.)  We  can  tepresent  such  a  switch 
schematicMly  by:  *  »  ■  , 


(The'  dotted "line  indicates 
that  both-  swit«h  sections 
operate  at  the  dame  time.) 


Three  such  burglar  detectors  could-  be  connected  up  as  shown  on  the  next 


page, 
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r 


— 


DETECTOR  A 


ETECTOR  C 


DETECTOR  B 


/■V 


] 

INDICATOR  LIGHT  A 

■ — O— 


INDICATOR  LIGHT  B 


INDICATOR  LIGHT  C 


Note  that  If  any  detector  switch  Is  closed,  then  the  circuit  for  the 
alarm  buzzer  is  closed,  and  also  the  circuit  for  the  individual  indica 
tor  light  corresponding  to  that  particular  burglar  detector*     (This  pa 
tlcular  circuit  and  style  of  burglar  detector  switch  is  the  enti^^ss^ 
original  creation  of  a  sixth  grade  child  in  the  Washington  School,  ^ 


Champaign,  Illinois •) 


.  USMES 


'©  1973  Edncation  Development  Cen'er,  Ire 


'  TROUBLE  SHOOTINP  ON ^ELECTRIC  CIRCUITS* 

'  *      ■         ■    -      •  '  / 

As  the  children  build 'e-lectrlc  circuits  ranging  from  the  simplia'one 


bulb,  one  battery,  one»wlre  circuit  to  elaborate  electromagnet  alarm 
circuits,  they  will  encounter' several  problems.    The  things  that  are- 


0 


likely^  to  cause  troijble  are : 

(1)  Dead  batteries  J— 

(2)  ,  Burned-out  &ulba  .J  f'  ' 

(3)  Other  possible  defective'/fgadgets:    broWan  wires,  (son^times  they 
^  break  inside  the  ipsulation,  which  can  bcs  felt,  but  not  seen 

.  ^asily^  ,  battery  holders  and  bulB  sockets ,  switches ,  magnets,  etc. 

(4)  Loose  connections,  for  example: 

(a)  Wires  not  tight  in  Fahnestpck  l:lips. 

(b)  Bulbs  not  screwed  into  Sockets  all  the  way. 

(c)  Contacts  not  tight  against  battef^ends  in  battery  holder. 

(d)  Possible  other  kinds  of  loose  connections. 

V 

(5)  Wrong  connections.    This  also  includes  short  circuits . and  problems 
,|    with  connecting  several  things  to  one  circuit. 

With  ifespect  to  the  first  four  irtems  it  is  desirable'  to  have  child- 

reh  acquire  ^ythe  skill  of  systematically  examining  the  various  possibilities 

In  particular,  the  following  are  two  important  strategies  for  locating 

f  '  "  ' 

the  causes  of  troubles.  - 

^     \  ,   %  .  ■ 

gubstitutlon?.   Components  from  a  defective  system  are  .substituted  one  at 
a  time  for  components  in  another,  functioning  system  (often  simpler  than 
the  defective  system) .    The  functioning  system  will  cease  to  function 
properly  when  "si  defective  . component  is  substituted  in  it. 

' ' '  •         "  , 

Tracing:     In  any  system  where  something  goes  into  one  part  of  the  system 
and  comes  out  of  another  part  of  the  system,  it  may  be  possible  to 
trace  that  "something^'  from  the  input,  through^  the  system,  to  the  output,  , 
to  find  out  where  It  f IrsJ^^sappears.    This  will  localize  the  difficulty. 
The  children  could  use  a  bulb  with  two  leads  as  a  circuit  tester  to 
carry  out  this  strategy. 

■  I 

r  ■  ^ 


*]N[ate:    Based  on  suggestions  by  Thacher  Robinson. 
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Short  Circuits  -  Many  times  the  chi3,dren  have  trouble  getting  a  circuit 
to  work  because  bare  wires  'are  touching  In*  some  pl^ce.    If  the  two  .wires 
from  a  battery  to  a  bulb,  buxEer^,  cir  other  gadget  touch  each  other  with- 


out  insulatiou,    like  »thls 


/  


J 


then  the  }>attery  will  push  most  of  the  electricity  through  the  short  cir- 
cuit, and  it  can  happen  that  not  enough  electricity  will  get  Co  the  bxilb  / 
or  other^ gadget  to  operate  It^  properly. 

'  ^     . ,  L.     0    '     .        ■  ■  ■ 

Often.  80  much  elect ricilfy  will  f lcy»*4.ijt  a  short  circuit  that  the 

\  "  ■  ■  t 

wires  will  get  hot.    This  might  be  dangerous,  since  it  could  start  a 

^fire.  '         $  '   

Thus,  hot  wires  may  indicate  the  exlsteiice  of  a  short  circuit,  '  The 

term  "short  circuit"  comes  from  the  idea  that  the  path^  the  current  falls 

"short"  of  getting  to  the  conqjonents  which  were  intended  to  be  activ-  ^ 

ated.    However,  children  usually  think  of  a  "abort  circuit"  as  being  ^ 

short  ii^  length.  -  *  •        •  .  , 

•If . 

The  children  can  Investigate  hieat  produced  by  short  circuits  by 
first  feeling  how  much  heat  is  produced  by  the  electricity  flowing 
through  a  short  length  (12")  of  insulated  wire.    The  wire  will  get  hot 


quickly,  and  be  equally  hot  all  dlcuag  its  length.    They  can 


111  ge 
ith^ 


build 


an  apparatus  to  hold  nichrpme  (high  resistance)  wire,  shown  in  the 
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folloving  di-agraiQ; 


nichroi^e  wire 


'3  inch  nai'ls- 


3x4  inch  pine  board 

'  :  —5  


.V 
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The  heat  produced  is  varied  by  having  the  electricity  flow  through 
different  lengths  of  the  wire.    This  is  accomplished  by  putting  ends  of 
wires  \(^ich  are  attached  to  two  batteries  in  series  at  different  distances 
ap^t  on  the  nichrome  wire.    The  heat  t>roduced  is  greater  the  shorter  the 
effective  length  of  the  aichj?©me  wire  becomes;  as  ^e  resistance  of  the 
wire  is  d^crease^  the  current  increases.    The  nichrome  wire  gets  red  hot,  ^ 
then  white  hot,  finally  melting  as  less  of  it  is  connected  in  the  ci^rcuit. 

In  a  circuit  containing  both  thick  and  thin  w^l^iea-in  series  only 
the  thin  wire  gets  hot.    Much  less  electricity  will  heat  a  thin  (high 
resist;anc^  wire,  and  at  the  same  time  not  much  electricity  can  get .  through 
'  it.    Therefore  there  is  insufficient  current  in  the  circuit  to  heat  up 
the  thick  wire.    Sotse  ch^dren  build  the  following  cuircudt  fio  make  a 
light  go*on  when  a  connection  is  broken.    They  soon  realize  that  this 
is  not  a  good  alarm  circuit  not  only  because  the  wires  get  hot  but  also 
because  the  batteriels  do  not  last  lo^* 
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f-j     Why  Bulbs  Bum  Brighter  or  Dimmer 

When  the" children  try  to  put  batteries  Tnto  a  circuit  In  series 
they  may  connect  one  or  more  so  that  a  direct  connefitlon  Is  made  between 
two  positive  terminals  or  two  negative  terminals.    To  find, out  w^hy  the^ 
bulb "gets  dim  or  goes^out  the  children "can  construct  several  circuits  and 

/ 

coinpare  the  brightness  of  the  lights.^ 

if  ^  - 

•      A  battery  pushes  electricl^ty  in  a  definite  direction  around  a^closed 

circuit  (electrpns  coining  out  of  the  flat  end): 


1 

t 

— >. 

— — r 

amount  of  this  push  is  measured  in  volts: 


Nitkel-cadmium  battery:     Ih  volts 
•  Carbon-zinc  battery:         m  volts 
Lead-sulfuriQ  acid  battery:  2.vdlts 

The  effective  amount  of  push  can  be  determtAed  by  comparing  the  bright- 


ness of  the  bulbs  in  the  circuits  shown  bftlbw. 


Nickel- 
cadmium  ^ 


Carbon- 
zinc 


f  I 


1— 

j  t 

-O- 

4 

*  ** 

1-1/4  volts       1-1/2  .volts 


1  ^ 

3— 

Medium 


^-1/2  volts      3  volts. 


Bright 


3-3/4  volts       4-1/2  volts 


-J 
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Chil^reri^ill^  try  to  make  the, budbs  burn  as  brightly  as  possible 
in  spitJie  of  being  ^tfarned  that  too  much  electricity^  Jill  bum  the  Sulbs 
out..   Some  bulbs  will  blLTrn  out  with  lesp  electricity  because  they  are 
designed  %r  use  in  Ikw  current  circuits.    It  is  Sest  to  us'e  number  4i 
bulbs  in  alarm,  circuits      The  follc«/iXig  chart  shows  the  maximum' 
number  oi  batteries  to  be  connected  in  series  to  operate  certain 
ets,  '^^ 


GADGET 

'% 

MAXIMUM  number  of  batteries  to  be  connected' in 
series  to  *l^s  gadget^ 

No.  41  bulb 

1%  ox  3  for  very' short  periods  of  time 

Busier 

Homemade 

el  eclfr  omagne  t  s 

Usually  2;  or  up  to  4  for  vei^  short  periods  of^ 
time                    r                                                          *  ■ 

Connecting  Several  Gadgets  to  One  Source  of  Electricity  ; 

Sometimes  children  connect  several  bulbs  or  a  buzzer  and  a  bulb  in 
a  circuit  the  sgme  way  they  connected  batteries:  in  series./  They 
Aen  discover  that  two  bulbs  bi^rn^'^less  lightly  ttian  one  bulb  and  perhaps 
the  ^uz^er  won  t  work  at  all, 

r 

The  amount  of  electric  current  iHiich  flows  in  a  closed"^  electric  circui£ 
depends  on  two  factors, 

(a)  ThV  amount  of   voltage  puslting,  and 

(b)  The^ resistance  to  the  flow  of  electricity  of  all  of  the 

gadgets  in  the  circuit.   "  ^* 

Two  bulbs  connected  in  series  present  more  resistance  to  the  flow  of 
electricity  than  a  single  bulb.  * 


By  trying  different  connections  the  children  will  discover  a  way 


to  put  two  bulbs  in  parallel thus  maintaining  their  brightness i 
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Several  possible  ways  are  shown  below. 


'J 


0 


By  drawing  arrows  on  their  diagrams  to  show  the  current  g^aths,  the 
children  will  discover  that  the  current  from  the  battery  divides  into 
separate  streams,  one  for  each  bulb.    After  passing  throi^h  the  bulbs 
the  paths  recoobine.    This  can  be  compared  to  the  current  path  in  « 
circuits  with  bulbs  connected  in  aeries.    The  same  path  passes  through 
each  bulb  connected  in  series.    See    the  diagrams  below: 
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Bulbs  Connected  in  Series       ^Bulbr^nnected  In  Parallel 

Each  bulb  presents,  a  resistance  to  the  electricity  thus  reducing  the^ 
aooiint  of  electricity. passing  through  other  bulbs  In  the  s«roe  path. 

.  •2:9 
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The  children  will  discover  variolic  ways  to  put  three  or  four  bulbs,  or 
tvo  bulbs  and  a  buzzer  i^n'a  circuit.    Some  of  the  possibilities  are: 


They  may  find  that  the  bulbs  bum  less  brightly   when  three  or  four  ^ 
are  connected  inj^arallel.    Adding  additional  bWteries  in  parallel  will 
provide  more  electricity  for  the. different  paths.  (A). 

When  nxjre  voltage  is  needed  to  operate  some  gadget  such  as  a 
buzzed,  additional  batteries  may  be  corrected  in  series  as  shown  (B) : 


4 — 


4^ 


gadgets 
(when  more 
current  is 
y  needed) 


B 


48 


to  gadgets 
(when  more 
voltage  is 
needed) 
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Independent  Control  of  Bulba 

In  cpnstructlng  alarms  the  students  may  want  6o  turn  a  bulb  off 
and  on  without' aifecting  the  buzzer  or  turn  the  buzzer  off  without 
effecting  the  bulb.    This  can  be  accomplished  as  follows: 


When  many  gadgets  have  to  be  run  from  one  electric  source,  it  is  common 
to  run  a  pair  of  wires  from  the  source  <  ^ 


tp  other  • 

gets, 
necessary 


and  to  connect  the  yarious  gadgets  across  between  the  two  wires.  Swit^h^ 
giving  independent  control  of  the  various  gadgets  can  be  inserted  where 
deslTed. 


IT**-* 
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Switching  Control  for  A3.1  Gadgets 

It  Is  possible  to  have  one  master  switch  which  turtis  all  the  gadgets- 
connected  to  the  battery  on  i and  off  at  the  same  time.    The  schematic 
diagram  is  shown  below. 


0 


» 


A.  ■ 


Y 


4 
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•  EJCPERIENCES  IN  WOBK^G  WITH  CHILDREN  , 
ON  ELECTRIC  CIRcblT^^SIGNY 

by      •  .  ' 

Thachef  Robinson 


Wa  have  been  working  qn  electricity  projects  since  January ,  1971  in 
two  si>^th-grade  classrooms  and  one  third-grade  classroom  at  the  .Washington 

School  in  t:htopalgn,  Illinois.    The  necessity  of  realizing  some  real 

J  ■  * 

classroom  interactlonff  fpr  the  purpo&es  of  the  Washington  School  Projeqt 

has  forced  us  to  .proceedv^th  -the  existing  "Electricity  and  Reasoning" 

cards  for  tJle  time  being;  and  has  not  yet  allowed  us  to  prepare  the  macro- 

open  program  envisioned  by  USMES.    Nonetheless,  we  are  observing  the 

chil'dren's  responses  to  the  strengths  and  weaknesses  of  the  prc^sent  card 

sequence,  with  an  eye  tojoptimum  planning  of  t^e  UgHffiS.  sequeifces.  Although 

the  population  varied  with  time>  there  were  aboui  eightij  children  in  each 

of  these  -classrooms  working  with  close  supervision  for  approximately  one 

hour  a  day,  five  dayS  ^  week*    They  also  worked  off  and  on  with  little 

supervision  for  an  equal  amount  of  time  dijrlng  tfiis  period. 

It  was  judged  Jthat  almost  none  of  the  children  kne\i|  enough  about  ?ven 
»» 

such' basics- as  the  function  of  switches,  ^nd  the  necessity  of  closed  cir-- 
cults,  to  begin  with  design  problems  at  the  very  outset;  so  that  all 
children  agreed  to  work  through  of  "Electricity  and  Reasoning"  cards 

whi^  ccfver  the  fundamentals  of  electricity  and  reasoning  before  embarking 
on  elaborate  design  projects.    However,  it  was  agreed  that  the  children 
could  spend  up\to  about  half  of  their  time  "messing  around"  with  the  avail- 
^  able  equipm^int  in  any  way  which  seemed  interesting,  to  them,  providing  they 


1  ■ 


spent  the  rest  of  th^  time  working  through  the  cards  in  a  relatively  dis- 

cipllned  manner.  ^ 

.  One  of  the  major  problems  ±n  permitting  unsupervised  experimentation  is 
that  the  children  be.coD^  involved  with  electrical  circuits  whkch  are  so  com- 
plicated that,  although  things  happen-l^  these  circuits  which  they  find 
fascinating,  it  Is  impossible  for 'them  to  sort  out  the  relevant  relationships 
in  a  way  which  contributes  to  their  understanding  In  the  sense  of.  increasing 
their  design  capabilities.     Also,  even  though  the  student  works  through  the 
vaVious  levels  of  a  technical  subject  with  a  minimum  amount  of  understanding 
at  each  level,  he  will  find  his  comprehension  growing  steadily  fuzzier  until 
there  comes  a'poiht  where  he  has  no  Idek^t  all  as  to  whatds  actually  going 
on.    These  two  factors  result  in  a' self-relnf orclng  tendency'/to  produce 
*  dilettantes  who  are  constantly,  acquiring  new  Inter^ts  and  starting  new  pro- 

jects  which  neve^  seem'^'to  come  to  muth.* 

The  requirement  of  written  and  dlagramatlc  reports^  seems  to  be  a 
generally  good  way  to  Integrate  science  and  reasoning  with  the  develop- 
ment pf  communication  skills.    As  an  example  of  this  style  of  inter- 
action, the  diagram  which  the  children  are  asked  to  draw  of  a  circuit 
made  with  one  battery;  one  bulb,  and  one  piece  of  wire  very  often  looks 


.*  NOTE;    Class  discussions  about ^ the  different  designs  for  burglar 
alarms  will  provide  a  focus  for  ^  chilcfren's  experimentation  and  re- 
duce the  amount  of  time  spent  on  random  overctheir-head  experiments. 


like  the  following:* 
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When  this  happens,  I  say,  "Well,  let's  see  about  this  I"'    Then  I  get  a 
battery,^ a  bulb,  and  a  wire  and  connect  them  up  as  shown,  with  the  wire  be- 
tween the  bulb  and  the  battery.     This  generates  a  hotwire  short  circuit  and  . 
no  light..  Then  the  child  usually  says,  "That's  not  what  I  meant  I"    and  shows 

the  bulb  with  the  wire  touching  the  threaded  side  of  the  bulb 
point  I  ^sually  say,  "Then  make  your  picture  so  that  i^:  shows  clearly 
whafc  you  meant."    After  several  such  tries,  the  child  will  come  up  with  a' 


V 


picture  of  a  bulb  which  clearly  shows^he  vari^SI||iteontact  parts  of  its  base 
for  the  two  necess^y  connections. 

,1  am  convin^^^that  It  is  Just  this  sort  of  representational  distin- 
guishing w:hich  really^rystalizes  an  understanding  which  w^ previously  only 


*NOXE:    The  need  to  explain  to  his ^classmates  his  alarm  design 
might  provide  a  student  with  the  incentive  to  write  adequate  descrip- 
tions and  make  clear  sketches.     In  general  there  Is  more  emphasis -in  . 
-this  ttlal  on  explicit  verbalisation  of  concepts  than  is  usually  sought 
for  in  art  USMES  unit.    The  point 'of  view  taken  by  USMES  is  that  a  child  ^ 

'  in  response  to  a  problem  may  develop  at  an  early  educational  stage  effec- 
tive Inactions  which  he  can  use  in  later  life.    These  concrete  actions 

.also  serve  as  a  basis  for  later  abstraction  if  the  student  continues 
such  academic  interests.    Many  petspte"  are  excellent  problem  solvers  and.  ^ 
decision  makers  without  being  speciali&ts  on  the  psychology  of  how  it 
is  done.     In  other  trials  of  this-unit,  the  students  made  considerable 
progress  with  much  less  explicit  verbalization. 


*  ^ 
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intuitive;  and  it  can's  of  course,  6e  aw^lled  as  ^easily  to  written  descrip- 
tions as  to  diagrammatic  representations. 

I  '      A  child  presented  ine  with  the  following  drawing  of  his  solution  to  the 
problem;    make  a  bulb  light  using  one  battery,  one  biilb  and  two  pieces  of 
wire  without  having  the  bulb  touch  the  battery. 


f 


I  think  that  it  is  safe  to'  conjecture  that  this  was  pure  theorizing  on  the 
child's  part,  uncontamipated  w^th  real-wkjAd  expeorienceJ    So  I  simtfly  said, 
"Let's  try  it  I",  and  we  did;  and  of  course  it'dldh't  work.    Then  the  child 
said,  "Oh!    I  know!    One  of  the  wires  has  to  go  to  the  bottom  of  the 
battery!"    So  I  told  him  to  draw  another  diagram  showing  what  he  meant.  Five 
minutes  later,  he  came  back  with  this?     (Note  the  much  Improved  drawing  of 

(  ' 
the  bulb.)  ' 


So  we  tried       again,  I  holding  the  battery  connections  and  he  holding 
the  bulb  connections.    Both  df  us  got  our  fingers  burned 'and  the  bulb  didn't 
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light.    Then  the  child  told  me  that  he  suddenly  realized  that  one  of  the 
wires  had  to  go  to  the  bottom  of  the  bulb.     His  final,  acceptable  picture 
looked  like  this: 


I  have  the  feeling  that  this  child  for  the  first  time  in  his  life  began 
to  think  really  seriously  about  the  fac**y  that  his  reports  were  really 
supposed  to  reflect  sotae  kind  of  reality  in  the^ world.  In  a  very  definite 
sort  of  way*     It  is  certainly  the  case  that  his  wdrk  was  much  more  careful 


subsequently. 


Several  difficulties  have  arisen  during  the  course       the  children's 

« 

work  with  basic  circuitry. 

1.    The^  task  of  locating  a  battery  and  a  bulb  that  are  de- 

. finitely  O.K.  entails  the  combinatorial^and  operational  pro- 
blem of  hoif  to  try  every  possible  battery  with  every  possible 
'     bulb.     One  student  found  the  bad  bulbs  hy  lopking 'for 

broken  filaments  and  guessed  at  the  batteries  by  newness  of 
I       ^  appearance.    When  I  asked  her  what  she  would  do  if  these 

differences  were  not  observable,  she  .shrugged  and  said,  "IM 
guess."    It  seems  more  feasible  to  begin  a  discussion  of  this 
process  with  a  group  discussion  rather  than  an  activity  card. 
Further,  the  student  should  he  encouraged  to  label  the 
"standards^^io  that  they  donV  get  mixed  up  with  the  com-: 
ponent^^-^^hpse  condit  un^rtain;  the  "standards"  could 

then^  us\d  to  test  the/iem«tfilng  batteries  and  bulbs. 
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2.  When  children  are  asked  to  test  a  battery  and  bulb  tester, 
'    the  distinctipn  should  be  made  between  using,  the  tester  to 

tese  other  compoitents,  and  testing  the  tester '^itself ;  I.e.,' 
the  reliability  of  the  tester  depends  not  only  upon  the 
condition  of  a- bulb  and  a  battery,  but  also  of  associated  ' 
wiring,  sockets,  etc. 
•  ■ 

3.  Severar  children  have  difficulty  with  the  definition  of  a 
connection.    They  have  .the  preconceived  idea  that  a  connection 
involves  a  wire,  so  that  a  battery  touching  a  bulb  is  not  a 
connection.     It  would  seem  that  the  logical  way  to  teach  them 
what  a  connection  is,  is  to  let  them  learn  it  from  context. 


4.    Resistance  is  confusing  to  many  children.    A  solution  might 
)  herto  ask  the  childrfia  If.  they  can  determine  which  has 

greater  resistance,  a  wire  (or  switch)  or  a  bulb? 

,5.    Buzzers  should  be  used  as  current  indicators  instead  of 
,  llgTits. 

6.  Buzzers  and  "bther  equipment  are  Introduced  as  devices  first 
^nd  "dissecteS"  later. 

7.  Nlcjtel-cadttium  batferl&s  should  be -used  since  their  voltage 
remains  constant  over  a  long  period  (then  decays  rapidly). 

Duting  the  first  part  of  March,  we  suggested  to  the  children  that  they 
make  burglar  'alarms  for  windows,  doors  and  desks  in  their  classroom.  Two 
groups  of  boys  did  extensive  work  oij^oor  alarms.    Desk  alarms  seemed  to  be 
more  po^JHilar  however,  perhaps  because  they  are  the  sort  of  things  one  person 
works^on  a'lonei  and  the  n«chanisms  used  are  concealed  from  other  students, 
so  th^ many  people  -dan  work  on  them  separately  at  their  desk. 

The  . main  pro-blem  with  alarms  Is  making  a  circuit  that  will  , close  when  ^ 
something  else  opens.    This  should  be  accomifllshed  first  by  making  an 
electrical  c6nnectlon  by  mechanical  means.     The  children  find  this  idea 
hard  to  accept  and,  in  their  first  attempts,  examine  nothing  but  the  possi- 
bility of  using  the  metal  parts  of " the  door,  window  or  desk  as  a  part  of 
the  electrical  circuit,  but  have  no  luck.    We  suggest^Wj?er^£ndover  that 
-   a  string  be  tied  to  the  door  and  to  some  part  of  a  switc|^  but  th^  children 
ignored  this  until  they  were  fully  convinced  that  nothing  else  would  work 
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\   \  ^  .  ■  • 

with  basic  circuit  components.    A  distance  -i^pera^ion  can  be  accomplished 

l^er  by  a  relay  which  makes  the  connection  in  a  second  circuit  by  electro-- 

magnetic  means.  *  ,  . 

One. of  ^e  girls  working  on  the  window  alarm  tried  something  like  this 

where  opening  the  window  would  pull  on  the  wire  till  the  bare  part  touched 

4 

the  clip:  .  ' 


< 


/ 


This  oreselite^  two  problems:  if  the  wire  were  pulled  too  far- it  would  come 
out  of  iffie  clip  altogether  and  break  the.  circuit;  and  the  clip-gripped  the 

W  * 

W  ■  ■  * 

:ion  so  tightly  that  some  >pa?-t  of  the  system. would  be  apt  to  break  ^ 
before  the  wire  would  slide. 

<  ^  * 

A  group  of  boys  struggled  with  this  problem  until  one  of  them  picked 


up  a  switch  we  had  inade,  which  la  closed  in  Us  normal  state. 


He  then  put  a  piece  of  paper  between  the  metal  strips  and  pulled  if  out. 
The  others  realized  the  principle  immediately  and  constructed  an  alarm. _^ 
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door  ^larm  <le8lgn  was  delreloped  which  had  too  much  wrong  with  it  to 
•work.    But  it  is  significant  tecause  its  designers  realized  that  all  the 
alanas^hus  far  built  involve  an  inaulator  being  pulled  out  from  between 
two  conductors,  and  they  attempted  something  eise.    Their  switch  worked  some- 
thing like  this:  .  ,  '  ^    ,       '  , 
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iS^t^g  pulls  .the  switch  in  an  arc  till.it  connects  with  the  cllpr«^lo8ing 

thtf  circuit.    0n6  pjrobiem  is  that  the  switch  and  the  knob  the  string  is  tied 

to  are  at  different  levels  and  the  string  pulls  the  switch,  up  so  that  it  is 

no  longer  on  the  saii»  plane  with  the  clip  and  does  not  connect.'   Also,  because 

•       \  - 

the  string  is  firmly  tied  to  both  the  door  and  the  switch,  pulling  on  the  door 
must  break  soxs^ thing.  -  ^  -   ^  * 

Varipus  other  devices  were  used  to  booby  trap  desks.    Tha^bst  pre- 
valent design  was  very  similar  to  that  tised  on  door^ alarms.    A  switch  like 
this  was  used  with  cardboard  between  the  two  metal  parts:  < 


The  cardboard  is  tied  to  ^e  top  ^of  the  desk  by  a  string.   Jrfhen  the  desk  top 
is  lifted,  the  string  pulls  out  the  insulator  and  the  circuit  closes*  This 
type  switch  is  soTCwhat  inefficient  since  the  car(Jboard  is  placed  in  horl- 
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zontally,  but  must  be  pulled  out  from  above,  which  tends  to  dislodge  the  en- 
tire  circuit  from  its  place  in  the  deskl  'A  better  design  that  none  of  the 
students  thought  of  would  be:  . 


A  second  desk  alarm  design 


ed  with  a  switch  like  this : 


r 


The  two  metal  straps  do  not  tfouch  unless  the  part  designated  above  is  pulled 
up.    This  is  accomplished  again  by  tying  a  string  to  the  top  of  the  desk. 
This  has  the  obvious  faiilt^  that  opening  the  %^b\  too  far  will  break  the  . 
string,  and  the  circuit  will  open. 


A  third  and  most  interesting  design  involved  the  hinges  of  one  boy's 


desk. 


When  the  desk  top  opens,  a  loop  tied  around  the  hinge  and  the  switch  move^ 
just  enough  to  bring  the  switch  in  contact  with  the  clip.  Surprisingly, 


1 
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opening  the  desk  top  further  does  not  pull  at  the  loop  any  njore,  and  there  Is 
no  problem  with  the  string  breaking. 

* 

Stiiy anojther  boy  made  quite  an  innovation  In  the  mechanical  workings  of 

f  '  *■  ■ 

burglar  alarms.     In  the  standard  design  alarm  the  way  the  string  was -tied  to 

# 

the  desk  and  Insulation  made  it  necessary  to  open  thfe  desk  almost  all  the  way 
before  the  alarm  wotild  go  off.  This  boy  attached  a  loop  of  pa^er  to  his  desk 
top  tight  enough  to  hold  a  string  in  place,'  but  loose  enough"  that  he  could 


♦     pull  the  s^ing  through  it. 


fnfBR 


When  arming  the  afarm  he  first  put  the  insulator  between  the  metal  straps, 

-I 

threaded  the  string  through  the  paper  loop  and,  aa  he  lowered  the  desk  top,  he 
pulled  on  the  string/    This  way  he  could  pull  the  string  tight  from  outside 


the  desk. 


The  same  boy  ma^^nother  student's  dollhouse  burglar  proof.    He  set 
,up  alarms  behind  the  windows  and  doors.  •  Eventually  he  plans  to  wire  a  few 
other  boxes  like  this  and  have  all  thesg  "houses"  hooked  up  to  a  police^  sta- 
tion.    Thi^  will  consist  of  a  map  of  the  houses  with 'light  bulbs  behind  it.  ^ 
When  a  houJe  is  burglarized  the  buzzer  in  the  house  will  go  on,  and  at  the 
police  atatlon  the  appropriate  light  will  go  on  to  inform  the  police  where  the 
crime  is  taking  place. 
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.     .       ilAKmC  POLYHEDRAL 
by  Alan  Holden,    Sept.  196^ 


Hany  -Df  the  units  of  instruction  that  I  hope  to  describe  require  making 

%  * 

*■  * 

pclyhedra.    Three  general  ways  of  doing  this  can  be  distinguished,  eachjWith 

disadvantages;     (1)  assembling  a  polyhedron  out  of  its 
separate  component  faces.  Joined  at  cHe^r  edges  by  some  removable  form  of 
'attachment,  (2)  folding  a  polyhedron  from  a  flat  pattern,  on  which  tabs 
are  left  to  be  glued  at  those  edges  that  are  not  already  represented  at 
the  folds,  and  »(3)  assembling  a  polyhedron  out  of  its  compojnent  faces  by 
{Permanent  glueing  at  the  edges. 
•  Method  X  -  * 

Detomposable  assembly  has  the  advantage  that  the  pieces  can  be  used 
again  for  another  polyhedron.    But  iwre  importantly,  it  facilitates  experi** 
menting  with  schones  of  assembly.     Fof  example,  "the  irregular  tetrahedron 
pU22le"  of  thfe  1967  Goal's  Report',  p.  142-3#  would  surely  be  best  implemented 
with  such  pieces*  , 

6nB  form  for  such  pieces  is  represented  in  the  British  laaterials  now 
marketed  in  this  country  by  Selected  Educational  -Equipment,  Inc.  Each, 
piece  bears  a  tab  on  each  edge,  notched^ so  that  the  tabs  on  adjacent 'faces 
can-  b^  joined  by  slipping  a  rubber  band  around  them  af tfer  they  have  been 


Iscored  and  folded. 


Unfortunately,  th^  most  visually  conspicuous  feature* of  the  result  of 
assembling  such  pieces  is  the  projecting  tabs  and  their  rubber  bands.     In  the 
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only  trial  with  children  thdt,  I  have  heard  about,  the  children  were  dis- 
pleased  wftfe-dSiich  messy  looking  products.    So  am  1. 

Creative  Playthings  sells  relatively  large  pieces  whoat  edges  are 
notched  so  that  they  can  be  joined  fairly  securely  without  folding  or  addl- 
tional  fastening.    The  resulting  edges  ari'ragjfed,  the  notching  is  l%*fely 
to  become  bent  out  of  shape  in  a,  few  uses,         the  \i^thod  is^liard  to  embody 
suitably  in  smaller  pieces. 

I  have  experimented' with  ways  of^making  contact-adhesian^dges  on 
pieces  withoi^  tabs,  but  my  ef forts^wS^ unr^arding.  Th^  edges  picked  up 
lint  and  could  not  be  used  twice.  They^SSjck  together  either  too  well  or  ■ 
not  well  enough,  and  hence,  gave  manipulative  trouble  in  switching  edges. 

The  problem  of  decomposable  assembly  still  invites  th6  atfcentibn  of  an 
Industrial  designer,  in  my  opinion.  * 
Method  2 

Folding  flat  patterns  has  long  been  the  most  usual  way  of  making  poly- 
hedraf^lth  care  it  affords  quite  elegant  products.    The  products  show 

t 

one  feature  irrelevant  to  their  geometry-\L.e*.  a  distinction  between  the 
folded  edges  arid  the  tabbed  edges—but  this  is  a  negligibla  defect.  In 
pursuing  this  method,  it  is  common  to' provide  onlj?  one  tab  for  each  of  the 

Eor  th'^  regular  icosahedron.. 


.edges  to  be  joined,  as  on  this  ^ttern  f( 


The  Resign  of  a  flat  pattern,  or  "net",  for  a  particular  polyhedron  is 
a  geometric .problem  fascinating  in  itself.    By  offering  this  problem^  the 
method  can  be  regarded  as  either  advantageous  or  disadvantageous — advan-i 
tageous  in  exhibiting  "routes  from' two  to  three  dimienslons'^^^^^  disadyanta^  ^ 
geous  in  presenting  a  problem  peripheral  to  the  structure  of  the  final 
polyhedron. 

Suitablevmaterial  for  polyhedra  to  be  folded  from  patterns  Is  proylded 
by  file  cards — 3"  x  5"  or  5"Y  8",    When  the  pattern  has  been  laid  out  with 
pencil  on  the  jnaterial,  It'is^cut  out  with  scissors,  folded,  and  glued 
with'  each  tab  inside  the  edge  joined  to  it. 


r   Fbidlug- along  the  straight  edge  of  a  desk  ensures  a  straight  fold  but 
not  a  sharp  one.    It  is  weJLJ.  to  score  the  material  along  the  line  of  the 
Intended  fold  with,  a' knife  or  a  ra^or  blade  before  folding.     Such  scoring/ 
however,  introduces^ the  risk  of  cutting  the  material , apart ;  even  at  best  it 
may  seriously  weaken  the  material  alon*g  the  edge. 

The  best  scoring  device  for  minimizing  theae  defects  that  I  have  found 
is.  the  toothed  wheel  in  a  handle,  called  the  seamstress*  pattern  marker; 
engraved  on  the  handle  of  mine  is  "Dritz  tracing  wheel".    It  is  cheap,  at 
any  store  carrying' sewing  si^plies.    You  can  roll  it  smoothly  against  the* 
edge  of  a  ruler,  while  you  push  down  oh  it,  with  the. pattern  resting  on  a 
tliin-pad  of  newspaper. 

Method  3  j 

Jhe  best  Vf  method  qf  making  polyhedra  that  I  have  found  is  to  assem- 
*ble  them  from  individually  cut  flat  faces,  glued  together  at  the  edges  with 
Elmer's  Gluall,  or  ahy  other  "white  glue".    The  edges  of  the  products  become 
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* 

pleasantly  accented  as  dark  lines  (unlike  the  fplded  edges)  but  are  not 

f  . 

obtrusive  (unlike  the  decomposable  edges). 

For  this  method  the  best  sjaterials  are  /'mounting  bbard"  (used  for 
mounting  photographs,  and  hence  obtainable  at  photographic  supply  shops) 
^nd  "illustration  board"  (used  for  charcoal^  or  crayon  illustrations,,  and 
hence  obtainable  at  artists*  supply  shops)/  The  former  is  the  lighter  In 
weight,  is  much  the  cheaper,  and  is  Jdst  as  satisfactory  unless  the  pro- 
ducts will  be  treated  roughly  (e.g.  dice).     Pile  cards  an5}Aristol  board 

give  too  narrow  an  edge  for  reliable  glueing. 

/  ' 

•  The  faces  to  be  assWi1)led  are  best^t  with  mounted  shears  (whose 
■  many  uses  include  trimming  photographs  and  which  are  obtainable  again  at 

photographic  supply  shops  and  jstationery  stores) .    The  most-  useful  models 
^  of  this  tool  have  a  movable  barrier  or  "fence which  can  be  clamped  parallel 
to  the  cutting  edge  at  any  distance  from  it.      ^  ' 

Cutting  a  large  number  of  congruent  faces  is  best  carried  out  by  first  , 
cutting,  strips^pf  uniform  width,  and  tften  sliding  /  strip  along  the  cutting 
board  with  one  edge  against  a  guide  that  establishes  the  desired  cutting  an- 
gle.** Equilateral  triangles,  for  example,  are  made  from  strips  whose  width 
is  the  altitude  of  the  desired  triangle*    The^uide  is  a  draftsman  s  30-60- 
90  triangle,  or  a(  corresponding  piece  of  cardboard.    After  one  cut',  the  ' 
strip  Is  turned  over  and  the  vertex  is  fegistered  by  eye  over  the  lower 
blade  of  the  shears,  to  establish  the  second  cut.    A  repetition  of  this 
bperatlon  over  the  length  of  the  strip  produces  a  collection  of  congruent 
triangles. 
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'  Regular  hexagons  are  best  cut  by  first  Cutting  equilateral  triangle- 
and  then  truncating  the  vertices  of  the  triangles  with' the  aid  of  a  fence 
set  back  from  the  cutting  edge  2/3  of  the  altitude  of  the  triaijgles. 
Squares  are  cut  by  using  the  fence  first  to  cut  strips  and  leaving  It  in 
the  same  position  to^  cut  squares  from  the  strips.     Cutting  other,  polygons 
requires  the  use  of  a  guide  made  of  heavier  cardboard  with  edges 
meetijig  In^'^Wte  desijed  angle* 


1^  ^i^/^/aA*«*'^*?' 


The  faces  ate  usually  best  asseoibled  first  in  pairs.    A  llt^  white 

glue  is  squeezed  out  of  the  squeeze-bottle  to  form  a  small  pool  on  a 

3"  X  5"  card.    A  toothpick  Is  dipped  in  the  ^lue  and  used  to  smear  the 

edge  of  a  polygonal  face.    The  edge  of  the  polygon  to  be  attached 'is 

pushed  agaTrJst  the  glue-bearing  4dge  and  slid  along  it  to  disti;lbute  the 

glue.    The  pair  is  then  placed  on  a  table  with  the  glued  joint  standing 
f  .         \         ■'      ■  ^ 

up.    More  such  joints  are  made,  ana^  after  fiv^^  minutes  (more  or  less; 


depending  on  the  condition  of  the  gXue  and  the  relative  humidity  of  the 

•     '   ■         1    '  '      ■  ^  ^  \ 

atmosphere)  thi  first-ni&de  joint  has  set  sufficiently  to  permit  f»*ther  ' 

work  with  the  pair.    Th>  joint  remains  flexible  for  several  hours,  how- 

ever,  and  henc^i  t^e  dihedral  atigle  is  adjustable* 

In  making  an  octahedron,  for  exa^le,  the  appropriate  edges  of  one 

pair  of  triangles  are  smeared  with  glue,  and  the  two  pairs  to  be  joined 

e  slid  .toward  each  otCer  along  a  flatj  surface,  to  f ormXa ^square  pyramid. 

Two  such  square  pyramids  are  then  joiney^^their  bases  t^  complete  the 

octahedrott.    In  making  a  rhombic  dodecahedron,  it  is  beit  to  glue  one ^ 

rhombus  to  a  pair  of  rhombuses,  to  provide  three  rhombuses  meeting  at  a 

3-fold  axial  coraer.    This  operation  fixes  the  dihedraj/^ angles.  Fouf" 

such  triples  can  then  be  jd^ned^successively  to  complete  the  polyhedron. 

In  making  more  complicated  polyhedra,  bpth  rigidity  and  ease  of 

asseaably  are  promoted  by  asses^ling  the  external  parts  on  a  simpler 

f        •  ■ 

polyhedral  base  whenever  possible.    Thus,  Kepler's  "stella  octangula" 
can  be  made  of  eight  trigonal  pyramids  attached  to  the  faces  of  a  regula'r 
octahedron. 


0. 


Elegant  wire  models,  defining  polyhedra  by  their,  edges,  can  be  made 
by  using  such  pol^iiedaw^t^^Uio^e  just  described  to  provide  the  jigs  for 
holding  the  wires  to  be  Joined.    The  wire  (appropriately  ^16  B.  &  S.' 
gauge  tinned  copper)  is  cut  to  the  lengths  of  the  edges,  and  each  piede 
is  glued  to  an  edge  of  the  cardboard  polyhedron  witK  white  glue  extend- 
ing a  quarter  ilch  short  of  the  vertices.    Then  ttie  vertices  are  soldered^, 
and  trimmed  if  nece^ry  with  a  flat  file  before  removing  the  cardboard. 


/ 


^^^^  tm^  ^ 

The  assembly  is  then  soaked  in  water  long  enough  to  soften  the  cardboard 

/      •         /  ^' 
and  the  faces  are  pushed  inward  in  succession  and  removed. 

Only  older  children,  with  a  taste  ^or  craftsmanship  and  some  ex- 
perience with  a  soldering  iron,  will  care  to  make  such  wire  models.  But 
the  exploration  of  polyhedra  defined  by.  their  edges  can  be  pursued  by 
quite  youag  children,  using  toothpicks  stuck  into  gmodrops  or  little 
balls  of  laodelling  clay. 

>tore  expensiV(eijr»  kits  of  rods  and  rubber  connectors  are  sold  by 
Edmunds  Scientific  Co,  apong  others.    A  kit  of  this  sort  is  also  iaarket:eil 
as  a  toy,  "Doodle-Stix"  (Kay  Products  Co.,  906  Main  Street,  Cincinnati, 
Ohio). 
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SOLIDS  MADE  OF  EQUILATERAL  TRiiNGLES 


by  Alan  Holden,  Sept 


.  19^. 


If  you  s^t  yourself  the  task  of  making  different  solid  shapes  with 
flat  faces  of  a  single  sort,  joined  at.  their  edges,  you  ^y  conclude 
that  the  equilateral  triangle  Is  the  most  versatile  face-shape  that 
you  can  pick.     Notice  that  any  side  of  pne  triangle  will  join  with  any 

any  *nuinber\  of  trJ 


side  of  another.     Furtheruwre,  any 


riangles  can  share  a 


B 


aominon  vortex  if  you  penfllt  them  to  fold  «Slther  way  along  the  edges 
that  meet  at  the  vertex.     (Such  polyhedra laife  often  called  "deltahedra", 
after  the  shape  of  the  Greek  capital  letter ^^elta. ) 
Of  course,  any  equilateral  figure,  such  as  the  square,  shares  these 
two  virtues.     But  a  little  free  play  With  triangles,  and  comparable 
play  with  squares  and  with  rhombuses,  will  ej-ve  a  sense  of  the  triangle's 
versatility    and  of  the ^^Troblems  encountered  in  attempting  to  m^ke 
closed,  solid  shapes.      Notice  as  you  go  that  when  only  three  flat 
pieces  Join  at  a  vertex,  the  result  Is  rigid;  and  when  more  than  three 
join,  the  result  is  floppy.    You  can  gaily  attach  triangle  to  triple 
for  a.  while  in  all  sorts  of  arrangements,  but  you  meet  the  nitty-gritty 
when  you  try  to  close  up  the  whole  business,  and  soon  a  little  fore- 
thought and  Intuitive  geometric  discipline  come  Into  the  game.     (Two  24- 

J  .  • 

sided  deltahedra  are  enclosed.) 

■  • 

C  -  Four  squares  (or  four  rhombuses  or  four"  triangles)  can  be  Joined 

to  make  a  square  (or  a  rhombus,  or  a  triangle)  that  is  twice  as  big. 


"4- 
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,  In  each  case  the  shape  is  the  «ame,  Qven  though  the  size  Is  different. 

■  *• 

In  the  case  of  the  four  triangles,  however,  nptice' that  the  three 
»    outer  triangles  can  be  turned  up  and  Joined,  to  form' a  regular  tetra- 

x' 

hedron.    In  other  words,  the  flat  arrange^nt  of  four^.  triangles  is  a 
suitable  flat  pattern,  •o^  "net",  for 'the  tetradedron.    Another  suitable, 
net  for  the  tetrahedron,  is  the  striprarrangement . 

Are  there  any  others?    Such  work  makes  contact  with  the  external- 
wall-papering  unit  developed  by  Lyn  McLane.    N9tice  that  not  all 

.  » 

arrangements  of  four  triangles  will  fold  into' a  tetrahedron.  For 
example : 


D  -  tM  trouble  with  the  last^ttem  is  that  four  triangles  meet  at  a 

Ammon  vertex,  whereas  in  the  tetrahedron  only  three  triangles  meet  at 

TjyjjuZ^ftrr      But  you  can  make  a  solid. in  which  four  triangles  meet  at 
every  vertex— the  regular  octahedron.    For  example,  you  can  make  it  by 
folding  two  patterns  lik^'the  last  above  and  joining  the  open  bases" 
of  the  two  resulting  pyramids. 

-You  can  go  on  to  make  a  solid  in  which  five  triangles  meet  at  ellch 
vertex— the  regular  icosahedron.    The  simplest  way  to  make  it  is  to 
make  two  pentagonal  pyramids  and  a  cylindrical  band  of  ten  triangles, 
and  then  attach  the  pyramids  to  the  top  and  bottom  of  the  cylinder. 
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E  -  Six  triangles  with  one  comfeon  ve  tex  lie  flat,  and  form  a  new  flat 
shape,  the  regular  hexagon.    What  solids  can  you  make  out  of  it? 
Clearly,  you  can't  make  a  closed  solid  out  of  this  shape  lalone,  be-- 
cause  in  any  closed  solid       least  three  faces  myst  jqlp^c^each 
vertex,  and  when  three  regular,  hexagons  jaiu  at  a  vertex,  the  result 
still  lies  flat.    But  if  you  substitute  hexagon^  for  triangles  in  the 
net  for  tlji^^etrahedron,  and  fold  Up  the  netr^  you  get  a  tetrahedron 
whose  ^omers\are  cut-off.    Vou  can  cover  the  open  places  with 
little  triangles  (making  a  "truncated  tetrahedron")  or  with  little 
tetrahedra  (making  a  big  tetrahedron). 

You  cian  attach  moire  squares  or  rhombuses  or  triangles  to  the  patterns 
in  C,  building  a  square  or  rh6mbus  or  triangle  three  times  as  big 
out  of  nine  of  the  little  units. '  ^feut  hold  on:    what  do  you  mean 
by  "times  as  big"?    Is  the  result  three  or  nine  "times  as  big"?  Examin- 
ing this  question  may  provide  reenforcement  for  the  idea  that  an  area 
scales  with  the  numerical  square  of  a  length.    That  idea  Is  commonly  \ 
introduced  by  using  squares  and  rectangles;  the  us^  of  triangles  as 
well  may  iserve  to  broaden  it. 


• 
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G  -  Notice  that,  unlike  the  net  of  four  triangles  (C)  the  net  of  nine 
triangles  (F)  cannot  be  folded  into  a  solid  shape  with  no  holes^^s 
there  any  way  of  arranging  the  nine  triangles  in  a  net  tj^jy^lll  fold 
into  a  solid  shape?  y^^ittle  experimenting  will  not  reveal  a  way,  and 
might  motivate  the  following  reasoning. 

If  a  closed,  solid' shape  is  made  of  N  tiriangles,  the  component  tri-  / 
angles  have  3N  sides  before  they  are  joined.    After  they  are%4<JTiS&d^ 
>  each  of  these  sides  is  shared  by  two  of  the  triangles  to  form  an  edge 
of  the  solid.    Hence,  the  solid  has  half  as  many  edges  as  the  total 
number  of  sides  of  the  original  triangles: ^  E  -  3/2  N.    But  E  must  be 
a  whole  number,  arid  thus  N  must  be  a  multiple  of  2.    In  other  words, 
any  closed  solid  pade  of  equilateral  triangles  must  have  an  even  num- 
ber of  faces,  and  9  is  an  odd  number.    Here  is  another  simple  instance 
of  an  "impossibility  proof",  additional  to  that  already  described  in  a 
polyhedral  context  in  the  1967  Goals  Report,  p.  144-5.  ^ 
H  -  Consider  now  the  following  game;    I^lTmany  different  convejK  solids 
^an  you  make  whose  faces  are  equilateral  triangles?    "Conyifx^i  means 
that  all  vertices  and  all  edges  stick  out— none  turns  in'^nd  no  pair 
•  of  faces  lies  flat.    Before  jumping  ahead  and  trying,  it  may  be  worth 
while  doing  some  thinking. 

In  the  first' place,  at  least  three  faces  must  join  at  any^vertex,  in 
order  to  retain  convexity.    When  three  join  at  every  vertex,  we  get  the 
smallest  possible  solid  that  fits  the  rules  of  the  game— the  regular 
tetrahedron  (C).    When  five  join  at  every  vertex,  we  get  the  largest 
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possible  solid  in  the  game — the  regular  icosahedron  (D) .  Hence, 

the  number  of  faces  on  any  solid  in  the  gaii^  must  lie  between  4  and  20* 

Furthermore,  we  just  saw  (G)  that  the  number  of  faces  must  be  even. 

a,  it  is  worth  while  to  hunt  only  for  convex  solids  made  of  4,  6, 
8,  IQ,  12,  14,  16,  18,  and  20  triangles.  »  . 

n  f^ct,  there  is.  one  (and  only  one)  Sample  of  eight  of  these  hlne 
solids.    The  solid  with  18  faces  cannot  be  made.    Experiment  will 
convince  you  of  this;  rigorous  proof  that  there  are  eight  convex  solids 
whose  faces  are  equilateral  triang^Les  did  not  come  until  1947  (Freud*- 
enthal  and  van  der  Waerden,  Simon  Stevin  25,  115-121)^ 
In  case  experiment  fails,  you  may  wish  to  resort  to  these  diagrams. 
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THE  FIVE.  REGULAR  SOLIDS     j  ^ 
by  Alan  Holden,  Oct.  1969 

i 

-  Take  three  stick's  of  equal  length  (whose  size  might  run  anywhere  from 
toothpick^  to  3:^oot  lengths  of  dowelling)  and  arrange  them  in  sequehce 
on  a  piece  of  pa^r  so  that  an  end  of  each  stic?k  touches  an  end  of  the 
next.    When  you  fiddle  th^  so  that  an  end       the  third  touched  an  end 
of  the  first,  the  sticks  define  the  sides  of  an  equilateral  triangle. 
If  you  draw  pencil  lines  carefully  just  outside  the  sticks,  >pu  get  a^ 
map  of  them.     If  you  cut  G\ut  the  triangle-map  vrLth  scissors,  you  can 
lay  it  on  another  piec6  of  paper  and  make  more  maps  by  drawing  arotind 
it.    Notice  that  you  can  turn  the  cut-out  triangle  around  on  its  map 
into  new  positions  in  which  it  Just  fits^  its  map.    In  -fact,  there  are 
three  such  positions,  all  told. 

-  Now,  take  four  sticks  and  arrange  them  in  a  similar  sequence  so  that 
the  fourth  joins  onto  the  fir^t.    This  time  you  can  fiddle  them  iijto 
a  lot  of  different  shapes.     If  you  make  a  map  of  one  of  these  shapes 
and  repeat  what  you  did  for  the  triangle,  you- will  probably  find  .that 
there  are  just  two  positions  in  which  the  cut-out  ^ts  its  map,  'But 

if  you  have  fiddled  the  sticks  l^to  a  square,  there  are  four  such  posi- 
tlons. 

-  Try  five  sticks.    You  can  make  a  great  variety  of  shapes,  some  of  them 
even  having  a  re-entrant  angle.    But  there  id  one  way  of  arranging  them 
so  that  a  cut-out  will  fit  its         in  five  different  positions.    And  by 
now,  perhaps,  you  can  see  that,  with  afiy  number  of  sticks  of  equal 
length,  you -could  always  make  one  arrangement  whose  cut-out  would  fit 
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its  map  in  the  same  nuaber  of  positions  as  the.  number  of  sticks  that 
you  used.    Such  a  shape  is  caUed  a    regular  polygon". 
D  -  Certainly,  the  square  is  the  most  familiar  af  these  regular  polygons. 
And  there  *is  an  equally  faniliar  solid  figure,  the  cube,  which  is  a  box 
whose  six  sides  afe  all  squares.    Can  you  make  «>ther  shapes  of  boxes 
out  of  the  square?    By  sticking  squares  together  edge  to  edge,  you  can 
make  oblongs,. and  L-shaped  pieces,  and  out  of  them  you  can  make  oblong 
boxes  and  L-shatied  boxes.    But  some  of  the  faces  of  these  boxes  are 
oblong  oc  L-shaped  and  not  square.    The  cube  is  the  only  box  that  you 
can  make  out  of  the  square  whose  flat  faces  are  all  square. 
%  "  What  about  boxes  made  of  other  regular  polygon^?    Jfou  can  make  an  es- 
pecially simple  box  out  of  four  equilateral  triangles~the  regulay 

tetrahedron.    It  is  especially  simple- because  it  has  bnly  four  flat 

^   '  .  frf 

.    faces.    Can  you  imagine  any  kind  of  box  that  has  only  three  flat  faces? 

■  ■  V 

Four  is  clearly  the  minimum  number  of  faces  for  a  flat-faced  box. 
F  -  ^otice  that  on  each  of  these  boxes-^^the  cube  and  the  tetrahedron— three 
fates  come  together  at  each  comer  of  the  box.     Try  making  a  box  out 
of  regulaUf pentagons  (C)  by.  making  three  faces  come  together  at  each 
comer.    You  can  do -it  by  using  twelve  pentagons,  to  make  the  regular 
dodecahedron.     There  is  a  widely  sold  desk-c^endar  and  paper-weight 
having  this  shape,  in»Which  the  days  of  each  U  the  twelve  months  of 
the  year  are  stamped  on  the  twelve  faces.  ^ 
C   G  -  Can  you  go  in- to  make  a  box  out  of  regular  hex^ons?    When  you  join 
three  ot  them  at  a  corner,  the  three  hexagons  lie  flat.    The  only 
way  to  make  a  box  out  of  regular  hexago-ns  is  to  leave  holes  in  the 
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box;  a  closed  box  can't  be  made.  ^  (See  G2\  Solids  Made  of  Equilateral 

•  *  ■  ■ 

Triangles,  paragraph  E.)    If  you  try  regular  polygons  with  even  more 
sides »  you  can't  make  three  joih  at  all*    So  .t^iere  are  just  three  kinds 
of  boxes  of  which  each  is  made  out  of  a  single  kin,d  of  regular  polygon 
and  in  wiiich^  three  ^polygons  meet  at  eactf  pom4r.  . 
Now,  try  making  more  than  three  polygons  meet  at  a  cor^ie^.  -Using  the 

pentagons^  you  can  only  do  it  by  puckering  the  arranj^ent  as  you  go  ^ 

-I 

around  the  comer.    But  that  would  make  a  box  with  deni:s  in  it.  Using 
t*he  square,  you^  can  make  boltfes  wiffh  dents  or  bosses  with  oblong  or  L-  ^ 
shaped  f acQS  (D) ,  ^t  no  simple  boxes  whose  faces  are  squared  when 
four  meet  at  a  comer.  -  .         .  - 

€oing  back  ta  equilateral  triangles,  however,  you  can  do  better.  When 
•four  triangles  meet  at  each  comer,  you  can  make  a  box  of  eight  \ 
triangles — the  regular  -octahedron .  .When  five  triangles  meet  at  each 
corner,  you  can  close  up  a  box  with  twenty  faces — the  regular  icosahedron. 
When  six  t^riangles  meet  at  a  eoia!^,  they  lie  flat  (unless  you  pucker 
them)  and  make  a  regular  hexagon.    So  you "can  say  that,  if  you  "don *t  . 
want  a  box  with  dents  in  it,  the  only  boxes  that  you  can  make  with 
faces  that  dre  equilateral  ^triangles,  and  with  comers  thst^are  all 
alike,  are  the  tetrahedron,  octahedron,  and  icosahedron.    Apd  what's 
more,  you  can  say  that  the  only  undented  boxes, ^ with  comers  ^11  all^e, 
that  you  can  make  out  of  any  single  sort  of  regular  polygon  are  the 
tetrahedron,  cube,  octahedron,  dodecahedron,  and  icosahedron. 
These  five  "convex  regular  polyhedra"  are  sometimes  called  the  "Pla- 
tonic  solids",  because *they  were  first  discovered  by  a  member  of  ^ 
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"Tlato's  Academy  (probably  Thaetetus)  more  than  2000  years  ago.    It  ^ 

\/ 

has  been  suggested  that  Euclid  designed  his  famous  treatise  "The 

.  Elements"",  as  a  textxon  regular  figures because  it  begins  with  the 

equilateral  triangle  (the*  simplest  of  the  regulat  polygons)  and- 

ends  with  the  regular  dodecahedron  and  icosahedron  (the  most  complex 

of  the  regular  polyhedra)  •  ,1 

The  faet  that  there  are  joist  five  of^  these  solids  stimulated  the 

imaginations  of  mystically-minded  Greeks.    They  found  a  correspondence 

\  .  -  1  • 

between  the^e  solids  *  on  the  one  hand,  and  Aristotle's  four  Elements 

(Fire, ''water.  Earth,  and  Air)  and  the  Universe,  on  the  other.  Seven- 
teen  tuindred  years  later,  Joharnr  ^Ce^ler  * s  unique  blend  of  science  and 
mysticisin  led  him  to  justify  the  correspondence  in  the  following  way: 
Of  ^  five  solids, ^he  tetrahedron  has  the  smallest,  vol- 
ume for  its  surface,  and  the  icosahedron  has,  the  largest,  ^''^'^^ 
'  — -They,  therefore,  represent  the  qualities  of  dryness  and  wetness 

and  correspond  with  Fire  and  Water.  .The  cube  stands  firmly 
« 

on  its  base,  an4  its  stability  corresponds  with  that  of  Earth. 
.The  octahedron,  rotating  freely  when  held  by  two  opposite-^ 

V        •,  ■  ■  ■ 

corners,  corresponds  with  the  iMbile  Air.  The  dodecahedron 
corresponds  with  the  Universe  because  the  zodizc  has  -twelve 
signs. 

To  illustrajj^e  these  correspondences,  Kepler  drew  a  bonfire  on  his  tetra^ 
hedronj  a  lobster  aud  fishes  on  his  icosahedron;^  tree,  a  carrot  and 
gardening  tools  on  his  cube;  birds  and  clouds  on  his  octahedron;  and 
t<ie  sun,  moon,  and  stars  on  his  dodecahedron.^ 
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NoWy  count  the  number  of  corners,  edges,  and  faces  on  each  of  these 
five  polyhedra  and  make  a  table  of  the  number3  that  you  get: 


corfiers 

edges 

faces 

tetrahedron 

4 

,  6 

4 

cube 

8 

12 

6 

octahedron 

•  6 

'  12 

8 

dodecahedron 

20 

30 

12 

Icosahedron 

12 

3d 

20 

Notice  that  the  .table  suggests  pairing  the  cube  with  the  octahedron, 
and  the  dodecahedron  with  the  icosahedron.    The  members  of  n  pair  have 
the 'Same  number  of  edges,  and  the  numbers  .of  comers  and  faced  are  slmj- 
ply  interchanged. 

This  interchange  of  the  numbers  suggests  that  you  try  making  a  direct 

comparison  of  the  comers  and  faces  on  the  members  of  a  pair.  For 

example,  if  yvu  punch  holes  in  the  centers  of  the  faces  of  a  cube  and 

put  a  stick  into  each  hole,  you  can  call  the  end  of  each  pi;^jecting 

stick  a  new  fcomer.    You  can  connect  these  new  corners  to  one  ^another 

by  rubber  bands  , or  string,  and  find  that  you  ^ave  outlined  an  octahedron 

with,  a  corner  of  the  cube  in  eadh  face.    A  similar  operation  6n  a  regu- 

lar  dodecahedron  will  produce  the  outlines  of  an  icosahedron  with  the 

comers  of  the  dodecahedroii  in  the  middle  of  each  face.    A  particularly 

1 
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graphic  way  of  making  clear  mese  relationships  is  to  imke  a  poly- 

"      "        /  - 
>^  * 

hedron  that  represents  the  two  solids  Interpenetrating . 


\  Two  polyhedra  that  are  related  by  the  interchange  of  comers  and 

faces  are  said  to  be  "dual"  to  each  other.    The  tetrahedron  is  said  '7 
r       ^  to  be  "Self-dual*^^  ' 

.  M  -  With  regular  polyhedra »  you  can  play  an  interesting  gaiae  invented  by 
Sir  William  Rovan  Hamilton  about  1850,    He  suggested  that  the  comers 
of  one  of  these  solids  might  represent  the  towns  on  a  small  planet,  and 
the  edges  of  the  solid  might  represent  the  roads  betw^n  the  towns.  In 
his  game  you  begin  at  one  *towji  and  travel  on  roads  to  all  the  rest  of 
the  towns  in  succession,  visiting  each  town  only  once  and  ending  at 

your  starting  place •    An  easy  \3by  to  search  for  such  a    "Hamilton  clr- 

V  \ 

\nlt"  Is  to  put  little  sticks  along  the  edges  bf  the  solid  one  by  one, 

"N^^  using  a.  dab  of  rubber/cement       -a  tick  of  adhesive  tape  to  hold  each - 

stick  in  pla«A<-fio  that  you  can  remove  it  If  you  want  to  change  your 
route. 
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There  isV another  similar  game  you  can  play;     can  you  find  a  route 


on  the  solid  from  faci  to  face  across  the  edge  that  joing  them,  .by 

I 

which  you  visit  each  face  just  once,  and  finally  return  to  the  st  rt-- 
ing  face?    You  might  call  such  a  route  a  "closed  route". 
N  -  ftottce  now  that  if  you  have  found  a  UmiltfftL4kt^       on  a  solid,  that 
is  the  same  thing  as  finding  a  closed  route  on  the  dual  solid.  A 
Hamilton  circuit  on  a  cube  describes  a^ closed  route  on  an  octahedron, 
etc.    *  , 

There, is  an  interesting  property  o^  &  closed  route  that  you  can 
check *by  papering  the  solid  (using         McLane*s  techniques)  and  attach- 
ing/ the  faces  edge  to  edge  in  the  sequence  given  by  the  closed  routfe. 
Wjlten  this  closed  sequence  of  faces  Is  opened  at  any  one  edge,  the  faces > 
can  be  laid  out  in  a  strip/    Hence,  such  a  strip  forms  a:  "^rip--patt 
mstructing  the  solid  by  folding. 

Diagram  A  shows  a  Hamilton  circuit  on  a  cube:    can  you  lay  out 
the  corresponding  strip--pattem  for  an  octahedron?    Diagram  B  shows  a 
strip  pattern  for  a  cube:    what  Is  the  corresponding  Hamll^:on  circuit 
on  an  octahedron? 

r  ■ 
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ridening  your  sights;    what  solids         you  make  out!  of 


A  -  As  you  have  seen  in  Solidis  Made  pf  Equilateral  Triangles,  if  you  choose 
a  single  shape,  the  equilateral  triangle,  for  making  the  faces  of  solids, 
you'  cati  make  a  great  variety  of  solids.    But  if  you  set  up  a  rule  that 
the  solids  should  be  convex,  y^ou  can  make  only  eight  different  solids 

X 

out  of  equilateral  triangles.    And,  if  you  set  up  an  additional  rule 
.that  the  comfers  should  all  be  alike  on  any  one  pf  tb^n,  you  fix>d  t^hat 
only  thre^  of  those  eiglit  soliiis  fit  both  rules — tiie  tetrahedron, 
octahedron,  and  icosahedron. 
Now  zTy^li 

regular  polygons  when  you  don't  require  them  to  be  all  of  one  kind? 
Since  you  can  make  so  many  out  of  *trianglei5  alone,  you  can  expect  to 
be  arble  to  make  even  more  >y  using,  say,  mixtures  of  triangles  and 
squares,  aQd  so.  indeed  you 
B  -  There  is  an  interesting  task  that  you  might  set  yourself.    Remember  that 
all  the  solids  which  you  have  made  so  f&r  have  an  even  number  of  faces. 
Using  a  mixture  of  regular  polygons,  can  you  make  a  solid  with  an  odd 
number  of  faces?    First  try  for  five  faces.    You'll  find  that  you  can 
make  two  different  solids  with  five  faces  that  are  a  mixture  of  ti^iangles 
and  squares.    One  (A)  usps  three  squares  and  two  triangles,  and  the 
other  (B)  usfes  one  squacre  and  four  triangles. 
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'In  fact,  these  are  the  only  f lye-faced  solids  made  out  of  regular 
^polygon's  ;    You  can' see  why  that  might  be  so  when  you  think  of  using 
polygons  with  more  than  four  sides.    A  regular  pentagon,  for  example, 
would  require  ^ive  more  polygons  to  Join  ItT^on^^^each  of  its  sides, 
and  the  solid  would  therefore' have  at  least  six  faces. 
■  There  la  an  Important  difference  between  these  two  five-faced  solids,^ 
having ito  do  with  their  corners.    Three  polygons  meet  at  each  of  the 
comers  of  solid  A— two  squares  and  a  triangle.    But  on  solid  B  four 
triangles^e^t  at  one  of  the  comers,  and  two  triangles  and  a  square 
meet  at  each  of  the  other  four  comers.    When  a  solid  is  made  out  of 
several  kinds  of  regular  polygons  but  all  its  comers  are  alike,  as  on 
solid  A.  ihe  solidUs  called  "semi-regular".    Solid  B,  with  two  dif- 
ferent  kinds  of  comers,  is  not  semi-regular. 

On  more  complicated  solids  the  surest  way  to  tell  whether  the 
comers  are  all  alike  Is  to  travel  a  circuit  around  a  comer  and  notice 
the  order  in,  %^ich  you  meet  the  various  sorts  of  Wes.    On  solid  A  ^ 
that  order  is^Square-square-triangle.     Calling  a  aqikre  "4"  and  a  tri- 
angle "3",  you  can  write  443  as  a  shor  t  land '"formula  \prthe  comer". 
Then,  if  all  the  comers  have  tiie  same  formula*and  the  JaceS^  are  all 
regular  polygons,  the  solid  is  semi-regiilar. 
-  The  structure  of  solid  A  suggests  a  way  of  making  othe: 

regular  solids  by  analogy.    You  can  think  of  solid  A  as  yde  of  a  band 
of  three  squares  that  fonp  a  cylinder  capped  at  both  end^  by  eqi|ilateral 
triangles.    Then  you  can  go  on  to  make  a  band  of  four  squares  clpped 
by  two  squares,  a  band  pf  five  squares  capped  by  two  regular  pentagons. 
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and  so  on.    In  a  solid  made  by  a  band  of  N  squares  capped  by  two  regular 

♦ 

N-gons,  the  formula  for  e^ch  comer  is  44N.  'Ji(»tice  that  the  band  of 
four  squares  capped  by  squares  is  the  familiar  cube;  but  the  others  are 
new  solids,  each . semi-regular ,  called  the  "Archimedean  prisms". 
E  -  Another  family  of  semi-regular  solids  will  emerge  when^  you  exmnlne 

carefully  the  regular  Icosahedron  (construction  shown  in  G2  Solids  Made  of 
Equilateral  Triangles) ,    Instead  of  attaching  pentagonal  pyramids  to  the 
cyllnctfical  band  of  ten  triangles,  you  might  cap  the  cylinder  with  regu^ 
lar  pentagons  •    Theti  you  would  have  a  solid  made  of  ten  triangles  -^d 
two  pentagons,  and  all  its  corners  would  be  alike,  with  the  formula 
3335,    Clearly,  you  could  laake  bands  with  luore  or  fewer  triangles  and 
cap  them  with  regular  polygons*    In  a  solid  made  of  a  band  of  2N 
triangles  capped  by  two  regular  N-gons,  the  formula^  for  each  comer  is 
333N.    When  N  is  3(,  the  solid  is  the  regular  octahedron;  but  again 
the  others  are  new  semi-regular  solids,  called  the  "Archimedean 
antlprlsms."  > 

Notice  that  when  you  stand  a  "prism"  (D)  on  one  of  itiS"  caps  and 
look  down  on  it,  the  comers  of  the  upper  ,cap  are  exactly  above  the 
comers  of  the  lower  cap.    When  you  look ^ down  an  an  "antiprism",  however, 
the  comers  of  the  upper  cap  are  halfway  between  the  corners  of  the 
lower  cap. 

F  -  Still  another  class  of  semi-regular  solids  cofiwe  into  view  when  you 


examine  the  "truncated  tetrahedron'.'  (see  Solids  Made  of  Equilateral 
Triangles) .    You  can  Imagine  making  that  solid  by  ch^ing  off  the  corners 
of  a  regular  tetrahedron.     If  you  chop|ed  off  just  the  right  amount, 
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the  triangles  forming  the  faces       thft^'^etihahedron  wotdd  become 
regular  hexagons.    Since  the  holes  left  at  the  oomers  are  shaped  as 
equilateral  triangles,  they  can  be  covered  with  such  triangles.-  The 
resulting  solid  I's  seml-regujar ,  and  the  fprmula  for  its  comers  is 
366.    The  imagined  chopping  is  called  "truncation". 

Clearly,  the  other  four  regular  solids    (see  G3  The  Five  Regular  Solids) 
invite  similar  truncation.    The  regular  octahedron  can  be  truncated 
so  that  its,  triangular  faces  become  regular  hexagons  and  its  comers 
are  replaced  by  squares*.    Truncating  the  regular  Icosahedron  to  yield 
hexagonal  faces  replaces  its  comers  by  regular  pentagons.  Truncaiting 
the  cube  converts  its  square  faces' into  regular  octagons  and  replaces 
its  corners  by  equilateral  triangles.    Similarly,  truncating  the  regular 
dodecahedro/  yields  a. solid  composed  of  regular  decagons  and  equilateta*^ 

triangles.  . 

/■       ■  •  ■ 

Notice  that  in  these  chopping  operations  the  original  faces  have 
^en  replaced  by  regular  polygons  with  twice  as  many  sides,  and  the 
original  corners  have'  been  replaced  by  regular  polygons  with  as  many 
sides  as  the  number  of  faces  that  originally  met  at  a  comer.    The  • 
numbers  of  faces  on  these  semi-regular,  solids  are  easily  counted  by 
remembering  the  numbers  of  faces  and  comers  on  the  original  regular 

solids. 

In  order  to  count  the  nutober  of  comers  on  these  solids,  notice 
that  the  act  of  tmncatlon  has  put  two  corners  on  each  of  the  edges  of 
the  original  regular  solid.    Since  none  of  the  original  corners  survives. 


X 


the  new  corners  are  the  only  corners.     Thus  the  octahedron,  with  twelve 
edges,  yields  a  truncated  octahedron  with  twenty-four  comers,  * 

The  number  of  edges  on  these  solids  will  be  the  sum  of  two  easily 
found  niiBlSfers.     In  the  first  place#^a  central  fra^ent  of  each  of  the 
original  edges  survives.     In  addition,  there  is  a  new  edge  for  each 
of  the  sides  of  the  polygons  that  replace  the  original  comers.  In 
f case  of  ^he  truncated  octahedron,  the  twelve  original  edges  are 
supplemented  by  the  twenty-four  edges  contributed,  by  the  four  sides  of 
tlie  six  new  squar^,  and  hence  the  solid  has  thirty-six  edges. 
H  ^  iif  you  chop  down #  the  comers  of  these  four  regular  solids  still  fur-- 
ther,  you  replace  their  original  faces  by  new  faces  of  the  same  shape 
but  smaller.    For  example,  you  can  chop  the  comers  of  a  regular  octa- 
hedron  to  get  ^a  semi-'r^gular  solid  made  of  eight  triangles' and  six 
squares.    Notice  that  you  can  also  get  the  same  solid       chopping  the  • 
comers  of  the  cube  further  than  before.    Similarly,  furtheV  chopping  of 
either  the  Icesahedron  or|the  dodecahedron  will  produce  a  solid  made  of 
twenty  triangles  and  twelve  perftagons.  ^ 

Here  is  a  reflection  of  thje  duality  relation  betw^  pairs  of 
regular  solids.    The  itiembers  of  a  dual  pair  can  both  be  truncated  to 
yield  th^  same  solid.    In  testimony  to  this  relationship,  these  two 
*      sejpi'-regular^ollds  ar^  called  respectively  the  "cuboctahedron"  and 

jthp  "icos^deodecahedron." 
/   j  On  these  sollps  you  can  still  count  the  faces  by  adding  the  numbers 

of  faces  kn^J  Qo\;neys  on  the  parental?«^^lld.     Here,  however,  the  two 
comers  produced  on  each  edge  by  truncation  have  coal^^teS  to  form  a 
single. corner,  and  thus  the  solid  has, the  same  number  of  corners 


umber  of  6dgea  on  its  parent.    Since  that  coalescence  has  obliterated 
the  edges  -of  the  parent,  the  only  edges -on  the  new  solids  are  those  con- 
tributed by  the  sides  of  the  new  polygons.     In  sunanarjj^  the  cubocta- 
hedron  has  14  faces  (6  +  8),  12  comers,  e^l^k  ?dges  (6  x  A).^* 

The  coalescence  of  comers  just  menjbaoned  suggests  an  interesting 
way  of  looking  at  these  two  solids.    The  new  corners  arise  at  the  mid- 
points of  the  obliterated  edges  of  the  parental  regular  solids.  Thus, 
the  new  solids  can  be  outlined  by  stretching  strings  between  the  mid- 
points  of  the  edges  of  the  parent.  \ 
Why  stop?    Chop,  chop.*    If  you  continue  to  Lhop  the  octahedron  beyond^ 
the  cuboctahedron  point,  you  will  soon  get  a  truncated  cube;  and 
finally  all  relics  of  the  octahedron's  faces  will  disappear  and  you 
will  end  with  a  little  cube.    Similarly,  if  you  truncate  a  cube  to  the 
bitter  eiid,  you  will  get  a  little  octahedron.    The  sequence  octahedron, 
truncated  octahedron,  cuboctahedron,  truncated  cube,  cube,  can  be  , 
traversed  in  either  direction  by  truncation.    Th^s  is  an  especially  ^ 
dramatic  i^esult  of  the  fact  that  the  1:ube  and  the  octahedron  are  dual 
to  each  other.  .  » 

-  Truncation  of  regular  solids  has  now  yielded  you  seven  semi-regular 
solids,  described  in  f  (one  solid),  G  (four  solids),  and  H  (two  solids). 
Are  there  more?    The  question  seems  to  have  interested  Archimedes.  Hr^~ 
found  six  more,  closely  related  to  these  seven,  but  not  obtainable  by  • 
truncation*.    Three  of  them  are  made  of  three  different  kinds  of  regular 
polygons,  not  Just  two  kinds.    Archimedes  is  believed  to  have  wrif:ten  a 


i 


book  about  all  thirteen  of  these  solids >  but  it  has  been  lost*  and  our 
knowledge  of  the  ancient  Greek  concern  with  them  is  largely  due  to  Pappus 
great  work,  "The  Collection".     In  more  recent  times  it  has  be^n  proved 
that  these  thirteen,  and  the  prisms  and  antiprismst  are  the  only  pos-- 
sible  convex  semi-regu^r  solids*    They  are  diagrammed  and  name^below. 
Two  of  these  solids  have  an  especially  interesting  property.    The  ^nub 
cube  and  the  snub  dodecahedron  can  each  be  made  :^n  two  formis,  which  ^r. 
are  mirror  Images  of  each  other  and  are  not  superposable.    The  two 
fotms  are  analogous  to  a  right  hand  and  ^  left  hand.    You  might  say, 
"They  are  alike,  but  not  the  same".     Indeed,  perhaps  you  should  say 
that  there  are  fifteen,  rather  than  thirteen,  of  thefee  semi-regular 
solids. 
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"FAIR"  AND  "REGULAR"  POLYHEDRON^ 
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Professor  Earle  Loinon 
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Polyhedrons;         A  polyhedron  is  a  closed  thra^-dlmenslonal  figure 
boimded  by  intersecting  plane  surfaces.    The  plane iisurf aces  form  the 
faces  of  the  polyhedron.    Pairs  of  plane  surfaces  intersect  ;in  straight 
lines  which  form  the  edges  of  the  polyhedron*    These  edges  bound  areas 
of  the  plane  surfaces  which  ai^e  the  faces  of  the  polyhedron.    As  the 
plane  fac.es  are  bounded  by  straight  edges,  they  form  polygon^.  Edges 
are  common  to  two  polygo'^  in  that  the  length  of  edges  of  polygons  have 
to  match  in  pairs.    Where  three  or  more  faces  meet  at  a  point  they  fbrm 
1^  cQ^Qe^^  of  the  palyhedtron.    This  is  also  ,  a  comer  of  each  bf  the  ad- 
joining  faces,  and  a  point  of  intersection  of  three  or  more  edges.  Equal 
number  of  faces  s^nd  edges  meet  at  that  c^imer.  .  * 

Convex  Polyhedrons;         If  the  angle  made  by  *the  twb  faces  at  every  edge 
points  outward  then  the  polyhedron  is  called  convex.    Every  face  of  a 
convex  polyhedron  tan  be  put  in  complete  contact  with  a  large  f llS  sur- 
face,  such  as  a  table.    None  of  the  faces^  are  tucked  inside  (in  concave 
sections).    The  faces  only  touch  at  their  edges  and  do  not  intersec^t  eFse 
where . 

iB^egular  Polyhedrons;         If  a  polyhedron  ial  regular  tfien  every  face  1^  . 
like  (congruent  €h)  every  other  face,  evaijy ledge  Is  like  (sMie  length  and 
same  angle  as)  every  other  edge,  and  every  comer  is  like  (same  niraber  of 
Jfacee  and  edges  coming  in  at  the  same  angle  as)  every  other  comer. 


Fair  Polyhedrons:     .     When  rolling  a  convex  polyhedron  as  a  die  it  will 

eventually  stop  with  a  face  In  contact  with  the  table.    If  the  polyhe- 

4ron  is  concave  it  may  stop  on  some  edges  enclosing  three  of  more  faces 

/ 

in  a  hollov.  '  Froia  the  point  of  view  of  dicing  this  is  as  if  there  was 
a  face  or  faces  covering  the  projecting  edges  (enclosing- the  concavities 
in  the  smallest  convex  polyhedron),.    This  is  equivalent  to  a  convex  poly- 
hedron,  ^wsaibly  with  "loaded"  weight  distributions  in  the  Interior. 
Consequently  we  will  refer  only  to  convex  shapes  below.      •  ^ 

Fair  Dice;   •     As8uiBlng^tiiat''one  and  only  one  face  of  .  a  polyhedron  is 
assigned  to  each  player ,  then  each  player  has  an  equal  chance  of  his 
side  comiiife  to  rest  on  the  table' 4f  every  ^ace  ts  the  same  In  aU  respects 
as  any  other  face,  (preaunlng  the  die  to  bfiltode  of  an  entirely  homo- 
geneous' material) .    This  means  more  than  that  every  face  is  congruent  to 
every,  other^f^ce .    It  also  means  that  fac'ffs  meeting; adjacent  faces  at  \ 
congruent  edges  do  so  at  the  same'  angl^.    It  further  means  thaia|congruent  • 
comers  of  faces  meet  at  the  same  tyt>€!^of  comer  of  the  polyhedron.  But 
it  does  not  mean  that  all  edges  ate  congruent  or  that  all  comers  are 
alike.    A  face  of  a  polyhedron  may  have  dliferltt8>  edges  ^rid  corners;  but 
every  other  face  must  have  the  same. distribution  of  edgg^  ffad  -gbrners. 
Every  regular  polyhedron  Is^^lrjjfe^lfcjt  fevery  fair  polyhedron  is  regular 

For  example,  tHeg^|u|i®ki6trahedron  is  made  out  of  four  equilateral 
trlangle^'iti'iaifr'ee  equal  angles  and  edges  meeting  at  each  corner.    But  a 


---fii^lMiedron  can  also  be  constructed  .out  of  four  s.caleg^  J^^^agles,  fhe 
three  dlfferentv«agi|'8'^r^  Wges' meeting  at  ea^-.^'^^m.z-h l^ter  teira 
is  fair  but  not  regular  because  not  every' edge  i/like  every  other 
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There  are  also  simple  examples  of  fair  polyhedrons  in  which  c^^^ers 

as  well  as  edges  differ  (but  their  distributioa  is  the  same  for  every 
•  « 

face).    An  example  is  often  constructed  bV  youngsters  by  sticking  together 
two  regular  tetrahedrons  at  a  face  of  each.    At  the  "equator"  where  the 
faces  are  stuck  together,  four  triangles  come  to  a  comer.    The  remaining 
twb  fcomers  at  the  "poles"  are  the  normal  tetrahedron  three-sided  comers. - 
Isosceles  triangles  could  be  used,    A  more  ctlmplicated  example  is  tlie 
rhombic  dodecahedron.  .  • 

Partial  Faii:  Dice;         There  are  also  partial  fair  dice  which^^n  well  be 
used  for  fair  games ♦  "  These  are  polyhedrons  in  v^ich  some  faces  are  the 
same  i«u-^H  respects  as  each  other,  but  the  remainder  differ  from  the  •  . 
first  set  (and  mybe  from  each  other  ^Iso).    An  example  is  a  regular 
prism,  in  which  all*  the  "sides"  are  the  same,  but  the  "ends"  differ  from 
.the  sides;!    For  instance,  for  a  triangular  right  prism  the  ends  are  two 
^congtuent  equilateral  triangles  and  the  three  sides  are  rectangles.  The 
three  rectanglas  are  fair  for  three  players.     If  the  prism  ever  does  land  - 
'on  one  of  its  ends,  then  that  throw  is  discounted  and  a  new  throw  is  made. 

Exploration  and  Discovery  of  Regular  Polyhedrons:         A  regular  polyhedrot]/ 
is  ^necessarily  s^ide  dut  of  Regular  polygons  (as  it  has  ail  equal  ed^es 
and  angles)  so  one  may  consider  each  rfegiflar  polygon  one  at  a  time.  ' 
Starting  with  the  pol5?gon  with  fewest  edges,  the  equilateral  triangle, 
one  tries  how  many  can  b,e  put  t^ogether  to  form  a  corner  of  a  tetrahedron. 
Two  polygons  of  any  type,  will  pc  stuck  together  . making  a  two-dlmensi6nal 
figure'  unless  spacep  b^' a  tji^d  polygon-    Hence  wef  tieed  *a£,^B*ft^^ 
triangles  at  a  corner.    When  three  are  put  together  the  base  forms  anotfhei: 


sach  equilateral  triangle.    Placing  a 


h  triangle  over  the  base  com- 


regular  polyhedron  w^th  the  least 


pletes  the  regular  tetrahedron 
^ui&ber  of  facep).  . 


Putting  four  equilaterki  triangles  around  a  comer  makes  a  "flatter" 


comer.    Make  another  such  four-slderd  comer  and  stick  them  to^fether  at 
'      their  bases.    Aroi^d  the  equator  four  triangles  come  together  «t  each 
ctrftRnr  Just  as  af^he-^lesl    This  Is  the  regular  octahedron. 
^      •    Putting  five  triangles  together  makes  a  stilt  flatter  comer.  If 
^  «e  stick'two  such  together  by  their  basea,  the  comers  on  the  equator 
will  have  four,  not  five,  faces  around  them.    This  would  be  fair  but  not 

-regular.    One  cotild  make  a  ^imllar  fair  figure  oat  of  isosceles  triangles, 

*  ■'  '   '■     .A      .     ■  ' 

However  one  cam  make  a  girdle  of  ten  equilateral  triangles  in  a  row  for 

-        '   ,       n  .  ■ 

the  equator  capping  it  on  each"  side  by  the  five-sided  comers  mentioned 
atH^^e.    Three  tri^angles  from  the  girdle  meet  at  a  point  with  two  triangles 
'from  a  cap,  hence  five-sided  corners  around  the  girdle  Just  as  at  the 
'    poles  I     \Thi8  Sfi  ihe  regular  icosahedron. 

Well,  now,  let's  put  six  triangles*  together  at  a  comer.    It  Is  com- 
pletely  flat^  henee  not  leading  to  ^  convex  shape,.    6  X  60°  -  360°  The 
•six  triangles  can  be  laid  out  ori  the  table  filling  in  all  around  thfe  point. 
If  one  keeps  adding  triangles  around  the  outside /of  this  cluster,  one  can 

fill  in  an  infinite  plane.     Seven  triangles  put  together  wHl  not  even  lie 

..  ./ 


*  flat  without  fokddnft  the  triangles  In  and  out.    Therefore,  triangles  lead 

to  onl^  ■■^^^f^^^^r^^ 
j?*'.V.SFicb^-^Mron.-  •  It  U 

many  convex  regular  polyhedrons. 


'^'"sif  1:egultir  polyhedrons  —  tetrahedron,  octahedron^ 
'beginning  to  be  apparent  that  there  are  not  to  be 
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Next,  one  can  try  the  faces  of  the  four--sided  regular  polygon,  the 
familiar  square.    Putting  the- minimum  of  three  together  to  form  a  cor- 
ner, one  finds  that  two  such  comers- fit  together  to  form  the  familiar 
cube.     T^y  putting  four  squares  together  at  a  corner,  and  it  is  already 
flat  I     Five  or  more  squares  would  have  to  fold  in  and  out. 

The  next  polygon  is  the  regular  pentagon.    Three  of  them  can  be  put 
to  a  corner.    Two  such  corners  .will  not  fit  together.     But  a  band  of  six 
pentagons  can  form  an  equator  into  which  the  two  polar  caps  will  fit. 
This  makes  the  dodecahedron.    Four  pentagons  at  a  comer  require  folding. 

Next  try  the  hexagon.     Three  of  tih'ese  at  a  comer  make  a  flat  surface, 
and  more  require  folding.     Three  seven-sided  regular  polygons  need  fold- 
ing.    All  thp  conve^fc-egular  polyhedrons  have  been  found  I     There  are  five. 


"I 


A  qote  on  non-convex  regular  figures:"     In  non-cofHtex  figures,  some  plane 
surf aces  will  intersect  in  the  interior  of  the  polygonal  surfaces  as  well 
as  at  their  edges.     If  dnfe  only  counts  the  bounding  intersections  as  "edges" 
of  the  polyhedron,  then  one  can  have  cases  where  all  of  these  exterior 
"edges"  and  their  associated  corners  are  the*  same.    Then  the  figure'is  called 
regular,  although  the  interior  edges  and  corner^  will  differ  from  the  exte- 
rior ones.    A  case  is  shown  below. 


I^^^a^^^^  interlaced-    The  exterior  edges 

f^f^j^^^d^and  §fio4  the  regularity  of  the  figure..  Note  that 
ing  could  be.  covered  by  20  triangles  forming  a  convex  regular  pply- 
the  Icosahedron.    For*dlclng  purposes  only  the . Icosahedron  counts. 
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MASS  PRODUCTION  OF  EQUILATERAL  TRIANGLES  AND  SQUARES 

Louise  Buckner  and  Frank  O'Brien  * 
•         Equilateral  Triangles 

Equipment: 

1,  Paper  cutter 

2.  Tagboard  cut  in  pieces  no  lotiger  than  cutter  blade  length 
'3.    Three  "C"  clamps 

4.  One  30°-60°  plastic  triangle 

5,  Straight  edge 

Procedure; 

1.  Determln^  the  desirerfength  of  side,  in  this  case  2". 

•  2.  Cut  strips  of  tagboard  2"  wide. 

3.  Clamp  straight  edge  to  cutter  board  according  to  sketch  page  32. 

4.  Place  a  tagboard  strip  along  the  straight  edge, 

5.  Pull  cutter  blade  down;  discard  the  first  piece  of  tagboard  cut. 

6.  Flip  tagb^oard  strip  over  and  cut  again  (see  sketch). 

7.  Repeat  the  above  process  flipping  the  tagboard  over  before  each 
cut  until  strip  Is  used  up.     This  could  be  called  a  flip-flop 
procedure. 
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Squares 

I 

Equipment :  .  *    ^  | 

1.  Paper  cutter  I 

2.  Two  "C"  clamps  . 

3.  One  2"  x  4"  x  4"  wood  block  for  stop 

4.  Tagboard  cut  in  pieces  no  longer  than  length  of  paper  cutter  blade 

5.  Yardstick 


1.  Xtetermine  the  desired  length  of  side.  In  this  case  2".      :  I 

2.  Clamp  wopd  stop  to  cutter  board  or  table  according  to  sketch  page  34 

3.  Place  pieces  of  tagboard  on  cutter  board  against  stop  and  cut  2" 
'Wide  strips.  *  ,  * 

4.  Place  long  edge  of  tagboard  snugly  against  the  straight  edge  on 
^      paper  cutter  (see  sketch)  and* simultaneously  place  short  edge  of 

^  tagboard  snugly  against  the  stop  and  slice  off  2"  x  2"  shapes. 

5.  Continue  cutting  procedure  until  strip  is  used  up. 


/ 


r 


Skft  STofi^^coc/^  ^  our  f^e?0i^ 


h— 2 


P/9^4S^  Cut  T'isrJ? 
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A  VOTING  PROCEDURE  COMPARljl^  THAT  MAY  ARISE  IN  USMES  ACTIVITIES 

by 

Earle  L.  Lomon 

Votilng  is  used  to  make  group  decisions.     There  are  in  many  cases  a 
variety  of  voting  procedures  that  seem  ^|tsonable  but „ can  lead  to  different 
decisions.    When  this  is  the  case  a  group  may  wish  to  investigate  the  diff- 
erent possibilities*  to  finc^  out  which  voting  procedure  leads  to  the  decision 
that  will  most  satisfy <Jra  members  of  the  group.    A  method  for  rating  group 
satisfaction  is  outlined  on  page  6.    The  voting  procedure  with  the  highest 
satisfaction  rating  will  probably  be  accepted  as  the  fairest.  \ 

irf  this  paper  we  describe  a  situation  which  may  arise  often  in  USMES 
units: 

After  invest igai'ting  several  ways  of  handling  a  problem 
such  as  a  lunchline  arrangement,  a  school  crossing,  a 
^^bus  schedule i^etc,  a^group  needs  to  decide  which  alter^ 

native  it  will  recotmnend  to  thfe  principal,  parents,  town 

t. 

government,  etc.    Although  they ^pva  found  out  ma^y  facts, 
they  must  still  make  a  Wlue  judgment.      One  way  may  be 
more  conVetiient  but  also  more  expensive. 
Let  us  assume  that  ther6  are  at  least  three  ways  that/iave  enough  good  fea- 
tures  so  that  someone  in  the  group  prefers  it.     In  fact  the  dtscGSsion  below 
will  apply  to  any  situation  where  a  group  must  decide  between  tlore  than  two 
alternatives. 

If  they  take  a  vote  as  to  which  alternative  Is  the  favorite  the  plurality* 
m^y  go  to  the.  case  which  is  strongly  disliked  by  the  majority.     The  number  of  * 
strongly  dissatisfied  people  may  be^reater  than  for  another  choice.     A  diff- 
erent  votli^g  procedure  would  be  to  vote  for  elimination  for  one  alternative. 


*  A  number  of  votes  greater  than  the  number  cast  fdr  any  other  option  but  less 


^than  half  the  total  votes  cast. 
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then  another,  and  so  on  until  only  one  Is  left*    This  will  lead  to  a  compromise 
•     choice,  often  with  mo reu  overall  satisfaction,     A  detailed  analysis  of  the  two 
'  procedures  will  be  made  b^ow  for  a  particul^  case.     There  a^  other  ways  of 

voting,  such  as  separating  the  alternatives  into  two  sets  and  then  voting  to 
^^^etermlne  the  favorite  set.    Then  subdividing  the  winning  set  into  two  sets, 

and  so  on.  ^  In  some  classes  that  may  be  suggestjed^^hd  the  children  wilJ  want 

to  investigate  the  effectiveness  of  such  procedures.  t 

An  example:  • 

Preferentfe  Assumptions  *  . 

For  the  saHe  of  def inlteness,  we  assume  that  the  group  has  been  working 
on  the  Pedestrian  Crossing  unit.    The  reader  will  have  no  difficulty  in 
imagining  parallel  circumstances  in  other  linits.  ^'"^^ 

Suppose  that  a  clasrs  doing  the  Pedestrlim^^y ing  unit  has  done  Its  . 
Invegjfigatlon  and  is  now  deciding  to  reconmend  one^of  the  following  to  the 
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A.     Build  an  overhead  crosswalk.  j 


town  traffic  department: 


B.  Put  a  police  officer  on  duty. 

C.  Install  a  walk  light. 

D.  .  Paint  white  stripes  to  mark  a  crossing  and  Install  a  stop  sign. 

E.  Mark  the  crossing  with  a  caution  sign'only. 

F.  po  nothing.  } 


V  [A,B,C,D,E,F  represent  the  set  of  outcomes.] 

To  go  further  with  aispecific  example  we  must  now  specify  the  preferences 
of  the  group  of  children;  Spot  only  their  first  preference,  but  their  second, 
third,  etc.     For  those  whose  first  preference  is  not  extreme,  we  may  assume  ^ 

2  7j 
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that  the  order  of  their  presferences  ,is  for  their  nearest  neighbors,  etc. 
However,  ajnong  their  nearest  neighbors,  they  havX^  choice  and  they  can 
either  be  "^right  leaning">^or  "left  leaning".    Therefore,  those  who  like  A 
best  probably  will  have  a  "preference  order"  (A  B  C  D  E  F) .    Those'  who  like 
F  best  have  a  "preference  order"  (F  E  D  C  B  A)  ,  while  those  who  like  D  best 
have  a  "preference  order"  of  either  (D  E  C  F  B  Af  or  (D  C  E  B  F  A).  The 
set  of  preference  orders  of  a  groupL»^ogether  with  the  voting  procedure  ^ 
chosen,  determines  the  outcosie.  ^  .  . 

Now,  of  course,  many  Individuals  may  have      different  preference  order' 
than  those  assumed* above.    That  will  in  no  way  hinder  the  class  from  evalu- 
ating  voting^^j^^^cedures  by  tTie  same  metfiod  used  below.     If  their  preference 
orders  are  very  different  from  the  assumed  case  it  may  ev^  change  the  result 


as  to  the  most  acceptable  votin^^^^^J&fim,    However,  chanaes  arC  that  voting 
preference  order  will  be  similar  enough  to  the  above  to  validate  the  same 
voting  procedure.  * 

Further  for  the  sake  of  explicitness,  we  will  assume  a  certain  distri- 
bution of  first  preferences  in  the  group  of  twenty-five  children  involved. 
As  tl^  class  had  uncovered  evidence  of  at  least  some  danger  at  the  crossing, 
it  will  be  assumed  that  nonevfote  for  F  and  only  three  for  E.    With  varying 
opinions  about  how  much  money  should  be  spent  versus  how  much  care  and  wait-- 
ing  should  be  expected  of  the  pedestrian,  we  find  the  vote  totals  as  follows:* 

Votes  for;  Recommenda t Ion  \ 

7  A  (overhead  crosswalk) 

•  5  B  (police  offi,cer) 

5  C  (walk  light) 

5  D  (painted  crosswalk  +  stop  sign; 

3  E  (caution  sign) 

0.  F  (do  nothing) 

• 


A  is  by  far  th^  most  expensive  and  in  this  case  the  amount  of  pedestrian 
^afid  au9bn»bile' traffic  can  be  adequatel^  handled  by  the  other  means,  ^tevor- 

it  Is  not  unli^kely^  that  a  substantial  nijanbex  of  the  class,  eyen  a 
plurality,  will  be  prone  to  c'htiolfe  the  mo§t  drafiatic  solution.  ^  Becaftse  ^f 
the  variety  of  cho;tces  of  *r6ugWy  equal  worth    <B  C-D),  the  mitiority  voting 
fojr  the  less  thougntful  choifce  (A)  are 'a  plurality!     What  will  be  ^he  outcome, 
of  votirtg  and  the  group's  overall  "satisfaction  with  that  voting? 

*-The  Vate  • 


First,  let  us  check ^the  outcome  for  the-  two  different  yoting  procedures. ^ 
In  the  first  procedure,  each  .one  votes  for  his  favorite  choice.    A  gets  seven^ 
votes  and  wins  Ijy  the  -plurality  rule.     A  Is  the  outcome  of  the  first  procedure. 

Cln  the  second  profcedure  th5  cl^ss  decides  to  re  liming  e  one  pbssJ/bility 

at  a  time  Ijy  eaqh  person  voting  against  the  cho4^  he  likes  least".     In  the  ^ 

first  round  the  seven  pierAjna  preferring  choice  A,  the  f^^e  B  pref errers  ,and 

the  five'  C  preferrers  will -all  vote  agalLnst,  F,  the.  mast  distant  choice  from 

all  of .  them.    The  f  ivg  D.  preferrers  and  the  three 'p' prefe^reKS ^11  vote  against 

A'.    Therefore,  the  vote  totals  are  as  follows:  •  '  .       .  « 

.  Vqtes'  aj^ainst ;     '     ■        Re connnend a t ion 

}        '      ■       '      ^  ■  8      •     .        -v-V  .  '*A  (overhead  crosswall^) 

'   -    .  '    *  ;w      i7     •       '     _       *\    F  (do^^othlng)  ■         ^         •  ; 

F  is  ellmfriated.    A,  B,"C,  a,  E  rema'in.    ,  ^  ^ 

^  '  '  •  f  >r     '  -  ' 

^        In  the  next  iround  the  seven  A  and  fivcB  preferrers  vote  against  E, 
wKlle  ,the*three  E  and^  f  ive  D,  pref^rers  vote  againsCJ^RV    The  five.  C  preferrers 
likely^tQ  be  spflt  against  A  and  E.    *But  eve^i  if  they  give  three  votes 
ainst  A.  and' only  two  vote  ' Ag^jx^t  F,  ^the  wte^ill .  be.  as  follqws:        •  , 
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Vote^  against : 
E  is  eliminated.  D  remain. 


mmet^dation  . 


A  (<»e'rhead  .trosswalk) 
E  (cmition  sign) 


In  the  next  roynd  the  three  E,  the- five  D  and  the  five  C  preferrers 
will  all  vote  against  A,  the  furjihest  remain:j|jjig  choice.    The  seven  A  and  the 
five  B  preferrers  will  vote  against  D.  *  ' 


Votes  against : 

13 
12 


Recommendat  ion 

A  (overhead  crosswalk) 

D  (painted  crosswalk  +  stop  sign) 


A  ^s  eliminated!     B,^C,  D  remain.'  ' 

'  ■ 

In  the  next  round  the  seven  A  and  five  B  preferrers  vote  against  D,  while 

%'  .     .      "      ^  .  • 

the  five  D  and  three  E  preferrers  vote  against  B.    The  five  C  preferrers  will 
*  ■  '  » 

split  ^their  vote.    Even  if  they  put  three  of  their  votes  against'^B  and  only 

two  against        the  totals  will  be: 

Recommend at  ion  ♦ 

^  *         B  (police  officer) 

D'  (pa:Uited  crosswalk  ^+ 


.V  .  Votes  against; 


11 

14 


stop  sign) 


D  Is  .eliminated.    B,  C  remain.^'  •  -  ' 

.  r  :        ■       ■  .         .  •   ,  .  • 

In  the  final  round,  the  s.even  A  and  five  B  preferrers  will  vote  against 

jr       '  -  * 

C,  but  the  five  C  and  five  D  and  three  E  preferrers  will  vote  against  B. 


ygtes  against ;- 
13 

'       12  '       '  V  - 


'  Recommendatloil 

B  Cpollce  officer)  ■ 
\  .         (walk?  light X"'^     '       '  • 

B  is  eliminated.     C  Ts^ the  vlctqr  of  the  second  voting  procedure. 

■    •  .  ■  \  •       \  ■ 

'  .r  »  ■ 

*    "  •    .    Satisfaction  Rating 

^       ~—  TT  «   ^     ,  V  ^ 

*  *  •         ,  / 

In  deciding  which  voting  procedure vsatisfies  the  class  most,  'the 


children  may  decide^ to  each  give  a  voting  orocedure  a  rating  of  five  points 

A    ■  \ ■  ■ 
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if  its  outcoW  is  that  child's  favorite  choice,  four  points  If  it  leads' to  -  . 
a  second  favorite  choice,  three  points  for  the  third  favorite  choice,  two 
points  for  the  fourth  favorite,  one  poiftt  for  the  fifth  favorite,  and  no 
•  points  for  the  leagt  favorite.    What  will  be'  the  total  point  score  for  each, 
voting  proceduT?e? 

In  the  first  procedure  the  outcome  is  A,  s'b  the  A  preferrers  will  each 

fc.  .  f  , 

give  the  procedure  a  rating  of  five.     Three  of  the*  B  preferrers  will. give 
the  A  outcome  a • four  rating,*  and  two  will  give  it  a  three  rating.  Conversely, 
two  of  the  C  preferrers  will  give  a  two  rating  and  three  a  one  rating.    The  4) 
and  E  preferrers  wiiq*  each  give  the  choice  of  A  a  zero  rating.    The  total 
satisfaction  rating  for  A  is: 


A  preferrers:  7x5 

B  preferrers:  3x4 

■ .  2x3 

C  preferrers^  2x2 

3x1 

D  preferrers : . 
E  preferrers: 


35 
12 
6 

3 
0 
0 


60 


In  the  second  procedure  the  outcome  Is  C.  ,  The  A  preferrers  glve  this^ 
outcodfe  a  rating  oj-  three.    The  B  preferrers  give  it  a  ratipg  of  four  or  three, 
The  C  preferrers  rate  it  five,  of  course.    The  D  i^referrers  rate  ft  four  or., 

*  f 

three,  and  the.  E  pMfeYrers- rate  it'W.    The  tot^  satisfaction  rating'for  C  is 


Agrfe|^4frers"!  7x3 
^B  preTerrers:.  -2x4 

3x3. 


21 
8 
? 

C  preferrers:  5  x  "5  "25 
D  preferrers:      2x4      *  8 

3x3      -  9 
E*  preferrers:      2  .x  3"     -  6 


\ 


86 


* 

The  second  voting  procedure  leads  to  nej 
the  first  ptbce^uifel,  '  . 


[Ore  ^^frt^jrfac 
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Some  Remarks  on  Content  - 

The  social  ^elence  content  of  the  above  type  of  activity  is  very  strong. 
Fair,  satisfying  voting  procedures  are  the  essence  of  stable  democracy.  The 

/ 

very/Cact  that  outcomes  can  chaxi^e  with  the  qholce^of  different  procedures 
will  surprise  many  students,  but  is  used  by  every  leiader  and  politician  to  make 
,  it  more  likely  that  his  view  will  prevail.    The  criteria  for  the  "best"  pro- 
cedures  •  involve  basic  value  questions  of  humanity,  fairness,  and  stability.  . 

Th«  processes  of  considering  different  ,possibllit^les,  making  sets  of 
hjrpotheses,  trying  different  procedures  and  evaluating  results,  are  all  involved. 
This  is  a  good  example  of  the  scientific  process  at  work. 

In  terms  of  mathematics,  there  is  of  course,  Biultlpllcat loa,  addition,  and 
'comparison.    There  is  also  "^p  important. amount  of  logical  ordering  and  system- 
a^lcf  organization  of  the  type  that  is  at  the  heart  of  *  much  creative  mathematids. 

particular  voting  analysis  provides  a  real  use  of  the  nomenclature,  methods, 
and  i\deas  of  set  theory^  *  \  - 

the  first  time ''the  students  compare  voting  procedures  and  discuss  voting  *  ' 
models  it  is  not  a  good  idea  to  'encumber  the  straightforward  examinaJ:io;i' with   '  ' 
the  definitions  and  general  concepts  of  set  theory.     Some  of  the  language*  may 
^^come  in  in  a  natural  way.     But  if  the  students  gG        to  consi^^r  a  large  ^ar-  . 
lety  pf  Noting  proc*edures  on  several-  Issues,  they  may  fiftd-  It  Velevant  to  forpau- 
late  the  general  aspects.    This  will  bring  them. into  contact  wlth'sets  and  their 
propert ies^in  ^  meaningful 'wa^.  ( .  •  /  * 

In  an  intensive  survey  of  Voting  methods  and  results,  it.  will  be  helpful 
to  be  expl'i^^irt  about:-  '  .  .  *  . 

the  set  of  possible  outcome^,''  '  \.     ,  '•  ' 

•    Ji     ,    .  .  .  ^     ■  ^ 

2.     the  sep-cffalrhossible.  preference  ocders. 


4  . 


3.    the  subset  of  preference  orders  likely  to  be  followed  by 

the  voters*,   "  ^ 

< 

4..  the  set  of  voting  procedures  to  be  studied  (whifcH  may  be 
divided  ^^ffPD  classes  such  as  those  which  depend  on  plur- 
alities^ or  those  in  which  only  one  vote  is  taken^-^tc, ) > 

5.    the  set  of  outcoraeis  obtained  by  the  various  voti^ig  pro-- 
cedures  using  the  stated  preferences. 


The  voting  procedure  oonsidered  may  become  quite  complex,  including 

successive  subdivisions  of  the  set  of  outcomes,  ot  the  use  of  amendment 

•  ■  ■ 

procedure.    Other  .technical  papers  will  address  those  topics. 


V 


t 


r 


c 


\  ■ 
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*  Or  a  pjrobabillty  distributidb  of  such, subsets 
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NOTES  ON  THE  USE  OF  HISTOGRAMS 


GRi-a 


FOR  PEDESTRIAN  CROSSING  PROBLEMS 


by 


Prof Jl^ercy  Pierre  and  Prof.  Donald  Coleman 


S 

Two  impor^nt  kinds  of  - data  for  a  pedestrian  crossing  are  the  time  it 
takes  a  studerit^  to  cross  and  the  time  between  the  passage  of  two  consecutive 
cars.     If  the  time  between  the  passage  of  two  consecutive  c^rs  Is  large  enough 
compared  to  the  tlme\it  takes  a  person  to  cross,  then  the  intersection  is 
"safe'\    The  crucial  uncertainty  in 'the  last  statement  is  what  do  we  mean  by 
large  enough.     The  use  of  histograms  is  one  mearts  of    dealing  with  this 

question*  ^  i 

Consider  the  following  expeiiiment  a£  an  actual  intersection.    U^ing  a 
stop  vatch,  measure  and  record  the  a^ctual  times  it  takes  many  different  ^ 
people^  to  go  from  one  side  of  the  street  to  the  other.    T*iese  nudfbers  are 
called  crossi^ng  times.    The  dat/jmay  be  recorded  as  follofte:  ^ 


\ 


Crossl^  Times 

1st  person  3  sec.^ 

2nd  person  4^  sec. 

3rd.  person  1  sec  . 

4th  pA'son''  .  4^sec. 


L. 


"4 


V 


Injorder  to  conserve •  space ,  an  altejnati#  way  of  llstlng^l;je  dat;.n  is:  ^ 

3,/ 4.  1.  ^.  5,  2,  1,  3,  6r'2,;6,  3,*^',  6,-A,  7,  5,-  4, .4,  3*  3.  1,  2;,  4,  3,'  5,. 2, 

-  ■  ]  f      *      •    .  ■ 

^-5,  4,  3,  1,  .9',  2,  3,'  5,  6,  4|  5, '"7,  2  secqnds  ,  *  '    .    •  ' 


n 


4f 
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We  also 


data  on 


the  times  between  the  passage  of  cars.,    On^  «ay  of 


do'lng  Ch-ls  is  for  Jhe  ti-er  to  start  his  s.},  watch  when  the  first  car  passe,. 
•  When  th."seconacaT  passes  he  calls  out\the  ti»e  aVd  continues  to  e.U  out  .the 
'    rimes  of  each  succeeding  car  until  the  experln,ei#  is  ended.  - 


The  raw  data  would  look  like; 


1st  car 
2nd  car 
3rd  car 
4th  car 
5th  car 


0  min.  0  seC- 
0  mln.  6  sec< 
0  min.  7  sec. 
0  mln.  IC  sec. 
0  min.  16  s^c. 


lAtlvcar       1  min.  3 


sec 


7 


The  gip  times  are  the  timers  between  cars.    They  are  obiaitxe^i'  froin  the  previous 


data  as; 


1st  2na  'car  ^  6  sec. 
2nd  *  3rd  car  1  sec . 
3rd  &  4th  car        3  sec. 


6,  1,  3,  6,  3,  6,  4, 


In  order  to  conserve  space  we  list  the  gap  times  as  follows; 
5,  7,'6/l.  5,  '6,  4,       5.'  9.  8.  9,  8.  5.'  7.  2.  4.  5,  5,  4,  7.  2,  7.  4.  6.  4,  7.  5 
2,7.  6,  8.  6,  2,  5,  6,  &,  seconds' 
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■   •      One  way  of  vUually  presenting  data  and  -making  vl.uai  coBparisona^is  with 
Msto^a»«.    Hist'ogra»«  for  the  two,  sets  of  data  are -presented  below  I'n  Figs. .  1  ^J. 


G&p  Histogram 


*  Qf 

gaps 


4 


* 

1,  ..  J.  1 

* 

\- 

■  ■  ■  I  I 


.7 


Time  (seconds) 


44 


-  total  samples 


V  /o 


4 


■  ,/rof-  In 

students 


Crossing  ^Time 


time  (seconds) 


-  total  students 
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A  third  graph  is  drawn  in  which  the  two  histograms  are  shown  on  the  saino  shet't. 
(See  Fig>  3)     It  Is  clear  from  Just  looking  at  the  data  that  the  g:ap  times  are 
frequently  large  while  the  crossing  times  are  frequently  small.     If  data  was 
collected  at  some  o^fier  interactions  you  may  fihd\hat'  the  gap  times  are  more 
frequently  smaller  than  crossing  times.        ^  .  * 

Another  more  mathematical  way  of  comparing  the  two  sets  of  data  Is  to 

H      ■  ' 

cdmpute  the  means^of  the  two  sets  of  data  and  compare.    We  catl  also  compare  the 

medians  or  the  modes.     Such  comparfsons  will  give  us  some  feel  for  t^e  situation 

+ 

but  it  may  not  be  enough.     Even  if  the  mean  g€ip  time  is  larger  than  the  mean 


Combined  Histograms 


Time  (aeconds) 


7        f  H 


The  dark  columns  are  crossing \ t^mes, 


•The  .  light  ^  columns  are  gap  tii^s 
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crossing  time,  some  slW  people  will  still  have  difficulty  crossing,  and. even 
If  the  mean  gap  times  ar^^ smaller  than  the  mean  crossing  time,  some  fast 
people  ^^iil  still  mana^  to  cross.   |In  order  to  do  more  precise  comparisons 
we  can  use  the  cumulative  distribution  diagram  Fig.  4.    Mote  that  85%  of  the 
childten  have  crossing  times  of  less  than  5  sec.    This  meSns  that  gap  times 
of  5  sec.  Of  more  wiil  allow  85%  of  the  children  to  cross. 

If  one  looked  at  the  histogram  (Fi^.  1),  one  would  see  that  only  30  of 
the  44  gap  times  are  5  sec'  or  larger.    This  means  that  for  85%  of  the  people 
only  70%  of  the  gaps  are  large  enough.    This  last  statement  is  as  precise  as  • 
one  would  want  to  get. 

In  sunmary,  we  would  say  that  a  safe  Intersection  c^n  be  defined  In  many 

sets  ofVdata  on 


i 


different  ways.    Most  Reasonable  ways  will  compare  the  tv 

f       - ' 

gap  ^imes  and  crossing  times.  ,An  appropriate  measure ^f  comparison  is  to 
a  large  extent  arbitrary. 


Fig.  4 
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that  ^4  of  the  children  (85%)  have  a  crossing  time  o^  5  sec.  of  less, 
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^~T50TES-  ON  DATA  HANDLING 

r 

by  ( 


Dr.  Percy  Pierre 

^     Suppose  we  take  50  pieces  of  data  each  on  the  time  it  takes  children 
to  cross  the  street  and  the  time  of  the  gaps  between  cars* 

« 

For  exainpl<e:  ... 

Grossing  times  (sec.) 
8.  5,  9,  10,  4,  9,  6.  8.  6,  6,  8.  3,  9,  6.  8,  IQ,  3.  5.  2.  10,  7,  8.  8,  9, 
7,  8,  10,  7.  8,  9,  4,  8,^8,  6,  7,  3.  10,  9.  8,  10,  12,  4,  4,  8.  8,  S."  8, 
S  8,  7.  7  '  V. 

Gap  times  (sec>) 

2.  2,  11,  2.  2,  4,  7,  2.  1,  1,  1.  2.  2,  6.  3,  4,  2,  5,  3,  2,  1.  7,  12.  3, 
-1,  1.  1,  1,  9.  14,  1,  1,  2,  2,  1,  3,  6.^1,  11»  2,  1,  2,  4,  1,  4,^2,  24. 
10,  5,  3  . 

One  way  of  usually  presenting  the  data  is  with  the  histogram. 

ii^-^-.  ■ — r—  ,  r--T  j — I — 1 — r  r—  \  '"\' 
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times  (sec . )  ■  »  , 

You  might  compute  average  crossing  time  and  average  gap  time.  If 
'the  average  gap  time  is  much  bigger  than  the  average  cross irtg  time,  the 
intersection  would  seem  to  be  safe.     Otherwise  it  is  not. 

Instead',  of  comparing  averages;  you  may  want  to  compare  mcdiasiu  The 
median^cTr-a-iroup  of  numbers  is  a  nubber  Cin  the  above  cafie  the  number  of 
seconds)  such  that  halj  -of  all^the  events  entered  in  the  histogram  are  a 
number  (time)  less  than  or  et^ual  to  it  and  half  are  greater  than  or  equal 
to  it.     if  the  group  has  51  events,   then  the-26th  biggest  number  is  the 


median.     If  the  group' has  50  events,  then  we  usually  take  the^ 


26th  number 


as  the  median.    Very  often  the  25th  and  26th  number  will  be  the  same. 
,  ,        •  - 

^  the  medians  of  the  above  two  sets  of  data  are  \ seconds  and  2  seconds 
respectively.  -  ~  '       .  \ 


i 


-i 
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In  order  to  discuss  a  safe  gap  in  traffic,  there  is  another  way  of 

presenting  die  data  in  graphical  form.     It  is  called  the  cumulative  distri- 

but Ion  graph.    Cumulative  graphs  show:  - 

1.    The- range  of  values  of  the  observations  along  the  horizontal  scale. 

l.r  The  value  0  to  the  total  number  of  samples  (children)  observed  along 
the  vertical  scale. 

3.  A  height  above  each  value  corresponding  to  the  total  number  of  samples 
observed  less  than  or  equal  to  the  value  shown  on  the  horizontal  - 
scale.  , 

4.  Lines  drawn  "pver  and  up'*  shoving  the  increment  at  each  step. 

(The  children  can  find  the  cumulative  values  by  starting  at  the  smallest 
value  and  drawing  the  Increment  lines  at  each  successive  value,) 
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t^^  (sec  . )  \ 

Note  that  80%  (40)  of  the  children  would  cross*  in  9  s^fc  or  less, 


uestioi*  which  the  children  might  discuss: 
What  is  a  safe  gap? 

a.  A  gap  long  enough  for  all  of  the  children  to 

Across  (12  sec.)'  "^'^ 

b.  A  gap  long  enough  for  80%  of  the  children  to 

cross  (9  8ec») 

c.  A  gap  twice  as  long  as  it  takes  the  average 
child  to  cross.  (16  sec.) 
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The  eye  is  very  fast  at  seeing  rblatlonshlps  and  trends  In  a  geomAric 

* 

form."    It  can  often  pick  out  features,  long  before  the  brain  can  pick  them 
out  by  sorting  through  a  list  of  numbers.     For  instance,  look  for  about 
30  seconds  at  the  f pi lowing  table  of  numbers  representing  the  New  York' 
Times  weekly  closing  index  over  k  year  (1971):    478,  491,  ^99,  503,  512^,  518, 
507,  508,  518; -5  1  7  ,  5  26  ,  5  16  ,  5  2  2  .  5  3  3  ,  54  5  ,  5  5  3  ,  551,  5  4  8  ,  5  49  ,  539  ,  5  32,  • 

•  •  "  s 

545,  541,  527,  519,  525,  531  ,  5^5,  51.8,^504,  49S,  505,  541,  557 ,  5^2 ,  ^563, 

560,  542,  544,  546,  535,  512,  508,  512,  499,  489,  491,  523,  525,,  541.  552,  . 
—  -  "         •  » 

552.  ...  T  .  .  •  . 

What  can  you  say  about  the  movement  p:?  thevstock  marlipt  in  that  year^ 

op  tl^  other  hand,  look  at  the  same  data  ag  lt  Is  organized  in  the^mlddle 

par 


the  graph  In  Figure  1.    Note- tlrat  the  sihall  horizontal  lines  re*^  . 


present  the. data  6n  closing  prices. 


New  York  Tiihcs  Weekly  Combujed  Averages, 


In  a  few  second's  one  can  draw  free-hand-  (It-  can  be  ^one  more  preoisely  by 
sW  simple  calculations)  a  line^  (line  B)  representing  the  general  trend 
throughout  the  year,  and  two  sattelite  lines  (l-l-^es  A  kn^  C)  representinj 
the  range  of  fluctuations  from  the  central  trencfs    We  can  sijy  quickly  thai 
the  stock  index  rose  aboyt  70  points  in  52  fi^eeks ,  or  aboCil  X  1/3  points 
per-w^ek  on  the  avdrage.    We  can  see-  immediately  that  the  fluctuations 
w«re  about  60.  points,  considerably  larger  than  the.  average  weekly  rise. 
Both  these  abservations ,  made  in  a  few  setonds»  can  be  of  tremendoUs  help^ 
to  the  investor.     It  shows  him  that j although  the  market  may  be" rising,  the 

■      .  r 

'fluctuations  are  much  bigger  than  the  .rising .  trend  pei^  week.    Thus,  fte 
may  have  to  keep  hifi  money  invested  in  a  sample  of/stocks  over  a  period  of 
a  year  or  lahre  \>ef'ore  the  rising  trend  ip'  likely  to  pay. off  ,-   On  the  other 
hand,  if  hia  stocks  make  an  up-§wing  as  big  as  30  joints  in  one  yeek,  he 
may  be  just  as  well  off  .to  sell  "then  as  the  trend  may  change  and  never 
brJU^g  him  higher.    Notice  by  the  way  t"hat  the  average  trend  and  fluctuations 
are  pretty  much  the  same  .in  the  shown  portElons  of  197t)  and  1972,  as  in  1971. 

''\What  .is  it  in*  tlie  structure  of  the  graph  which  makes  the  result  so 
graphic?    Why  are  the  Inferences  from  the  gtaph  useful?    The  main  object 
In  graphing  is  ta  represent  numerical  relationships  as  geometrical  re/ation- 
*shlp8.     In  this  case,  the'  vertical  distance  represents  the  amouht  the  New 
York  Times  index  exceeds  340  point's,  while  the  ha/lzontal  distance  repre-  > 
sents  the  numbe?  of  mpnths  from  the  beginning  oflMay  1970,     As  one  goes  uj>  ^ 
it.  represents  'an  increasing  index  (i.e.  the  order  of  the  positions  upward  ^ 
is  significant)  #id^ual  -jumps  up  represent  equal  increases  In  the\^ndex  • 
'(i.e.  there  is  a  constant  s^ale) .    Similarly  the  months  are  marked  i^  .'order, 
al(3ng  the,  horizontal  axis,  ^ach*  mqnth^  being  represented  by^the^  same  width. 

It  is  not  always' necessary. that  both  directions  in  a  gr^ph  have *a 
numerical'  significance  or  a  meaningful  order .     For  instance,  one  may  be* 
■  graphing  heights' ol  students  In  claas^'A  bar  graph  nay.  Ve  »a«e  with  the 


horizontal  axis  being *pr9Portional ' to  the  height,  but  with  the  students- 
arranged  arbitrarily  on  the  vertical  axis.     Even  if  they  were  arranged 
alphabeticaily.  the  vertical  distribution  would  probably  have  no  stgnifi- 
c^nce,  as  "no.  one  expects  any  correlation  between  initials  and  height.  ^ 
Ixi  one  USMES  class  the  children  constructed  the  graph  -(Fig.  2)  pf 
h^rtfghts  vs.  naa^s.  ^  ^  '*  ^ 

•  1  ■ 


Of 


On  the  other  hand,  it  xb^  be  inf,ormat^.ve  to  arrange  the  stud^nt^  horizon- 
tally by  age.    Is  there  a  notice^le  trend  towards  Increased  height  with 
agfeT    If  so,  about  how  many  Inches  per  year?    We  are  unabler  to  present^an 
ilr^nstrative  grap^because'no  data  has  been  received  which  gives  us  infor- 
mation about  heights  vs.  ages  in  years,  month^  and  days.    Tfie  growth  in 
indies  per  year  can  be  inferred  by  dritwing  a  line,  similar  to  line  B  in  | 
Pig.  1,  on  the  graph  of  height  vs.  age.    When  a  meaningful  quantitative 
order  is  used  on  both  ^es,  more  information  can  ie  gained, 
'        The  same  data  can  be  graphed  in-i^ore  than  one  way  to  obtain  li^ormatlon 
ort  different  th*inga.    The  fteights  of  all  the  girls  cofald  be  graphed  start- 
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ing  from  the  left,  and  ttve  heights  of  all.  the  boys  aft^r  thit  to  the  right. 
This  would  at  a  glancq;  innate  if  the  girls  or  boys  tended  to  be  taller. 

Fi^.  3' shows,  a  graph  of^students '  heights  wlth  girls  put  first*  (on-  ' 
•the  left)  on  the  horizc^ntal  ayis.^^Wth  boys- following.     The  students'  names 
are  ranked  by  heigiftt  ifut  not  age. 
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.  *■  .    •  *■ 

If  in  the  same  graph  the  girls  were  pu£  in  order  of -age,  arid  then 

the  boys  in  order  of  their -^age,  one  might  get;  the  average*  growth  -rate  of 

'  ■       •  '  '  1  ' 

each  sex..   If  the  difference  of  slope  was  large  enough,  one  would 'be  able 

to  tell  if  boys  or  glfls  of  that  grade  level  were -growing  faster.     The  . 

diffe'^rencefe  in  height  and  growth  between  boys  and  girls  .would  stapd  out' even 

be^'tfer  if  their  heights  weYe  overlayed  on  the  sdtoe  age  axis  (se*  paper  \ 

*  '         '  ■ 

"Repre6fe»fr4w^^veral  Sets  of  Data  on  One  GrapV.)       ^  ^ 


r 


The  New  York  Times'  graph  lllustTates  other  features  of  importance  in 
designing  easily,  /ead  and"understood  graphs.    Among  these^  tlie  c!hotce  %)fi 
vertical  and  haorizontal  is^one  of  the  most  ruditn^ntary  and  geAerally 

needed.    By  'Iscale"  is  mean;t  tlie  Interval  size  per  number.     It  is^generaVly  '.. 
determined  by  the  range  of  datfa  to  be  supplied  afld'th^  srize  available  for  ' 
the  graph.     In  this  case,^thfe  financial  -editor' wished  to  display  more  thaft 
two  years  of  prices  ^3^*  with  all  the  o.ther  things       wan|ea  to  get  on  the 
page,  decided  he  iould  only  give  "It a  three-coluinn  spread.     In  tfie  appr&xi-* 
mateiy  8  inches  ayallabj.e'^he  want-ed  to  mark-off,  27  pionths,  so  that  Ke  had   y /  " 
jiist  a  little  over  1/4"*  fex  morith  and  itiad^  -vertical  lln^fB  acc^jrdingly *    ^e  ^ 
data  Is  further  subdivided  into  weeks ,  but  Vthe         dan  easily op'frk -out       ,  - 
whether  a  mark  is  the  first,  secon^,  third,  fdurth  or, fifth  betv^een  v6rt^c%L 

'  linak,  *  . 

•~  ^    ■      ,  ,  .  '  ' 

The      vertical  scale  was  chosen  to  spr^adr  all  of  the  prices  in.  t^iose  t 

.  ^     '      ■  ■■    ,  • 

years  over  the  la^lmum  vertical  space  he  could  affo^^d,  approximately  five 

inches.    The  {lowest  number  he  needed  to  plot  WaJ  356 r  ^pd  the  highest  was 

„ '        ■  ' 

,629,  or  a  spread*  of  273.    He  wanted  to  .distribute  this  spread  over  approxi- 

mately  15  intervals  of  a  little  more  than  1/4"  each  that 'he  could  gfet.it  into 

/    \  '  .         ' ,       "       ^  ■> 

the  5"'.    Although  273  »  18,  it  is  much  easier  for  people  to  visualize  parts  ^. 

15  .  ■    '  «  • 

of  20;  so  each  horizontal  line  was  'chosen  to  mark  off  a  20c  intferval.    The  » 

-lowest  line  on  the  graph  stands  for  3^  and  the  highest  for  SAO^.    If  he  ; 

had  started  with  Oc  ,  there  would  have  been  a-  great  deal  of .  blank  space  in 

«  •  - 

*  his'  graph  -and  the  data  we  a^re  interested  in  would  be  crowded  ,  into  less:;-t^an 

the  upper  half  of  the  graph.     This  would  make  it  considerably  harder  to  rea'd " 

and  interpret*  at  a  giafice.    On  the  other, hand,  the  reader  musty;<ibte  that 


the  ^cile  does  nob  start  at  zero.    Otherwise,  he  would  ga^  the  erroneous 
impr^ssibn  of  a  very  large  rise  in  price.  So^clajiity  of  presentation  .so^j^-  . 
tlines  involves  the  risk  of'misreading  by  someone  who  is  unaware  that  graphs 


4o  not  always  stakt  at  zero.  ^  ' ^ 
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There  4re  tiiaes  when,  including  the  zero  helps  in  understanding  even 
'•■■•■-*'  -  ■       .  ■     '       .         .  "       .  '■  '  • . 

-if  the  data  begins  consitierably  higher."  For  instan'ce  ,    if  a  .graph  is  b^in^ 

.  oadfe;  of  the  ..'speed  a  model*  cargoes  on  -the  flat  versus  tlj^  Ijifij^sht  of  the 

iH^^i  ,  it  has  rolled 'down'  (see  paper  "Some  Considferatlons  op  t^^l^ufvature 

•    '  of  'an  Exit  or  Entrance  Road"  Manual),  one  m^y  get  eoroething  like:  '  - 


Speed 


// 

In  Feet/^ 

7 

ger  5 

/ 

y 

'  .2 

/ 
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'  •     •        -  ^ght  'in  Feet 
'  ^'Figute 


V', 


J-  ■-■ 


The^  ctiTO«  f*>itot^ x?Vy  sm<X)th  because  of  tfie  errors'maiie  in  this  r-ath^r 

'.  V    •  ,         'T^'"^'       "^v      '     .  .  :       '  ''''  \' 

difficult  measuneii^nt.'    But  one  would  Hke  tb  be  able  to '^xtrapolatiE  •  ' 
the,  curve    to  larger  and-^^^malli^r  hills,    tt  looks  lUke  the*  curve  may  be* 
going  towards  zero  sp^ed  for  zero  height,  ^  intuition  c'^n  be  use^^'TTS "ass 
it  does  and  make  a  smooth  rcuirV^  (as -shown)  going  through^  zero  A  Not  only 
does  this  help  extend  the. curve  down  *  to  smaller  heights;  btit  because  it 
makes  it  quite -evident  that  the  curve  isn't  straight,  but  is  bending  over, 
it  also  helps  make  "a  sensible  extension  to  ^re^ter  heights.    Actually  be- 
cause  of  friction,  the  car  will  stop  rolling  before  the  hill  ^oes  away 


al  toga the 


dotted  line  representsi'  that  B^hayior.     But  in  .eigher  case 


^     ^  '  ^   .  GR3-7 

.    the  meaning  of  the  curve  is^clarifidd  by  noticing  where ^he  "zero  spepd  - 

height"  poinli^  is^  lacated-  \ 

We  return  once  again  to  the  New  Vork  Times  pric;e  index  graph  ta  em- 

{      '  .  ■ 

phaslze  anoth^^  imp ot:t an f  aspect  of  many  graphs  -  they  often  compile  much 
datfii  into  single  points,  rather  than  displaying  every  separate  datum.  This 
often  proVidjBS  a  .summing  up  or  averaging  which  would  be  hard 'to  see  in  a* 

8traigH«^re]?resent;ation  of  the  raw  data.    Each  little  horizant^al  bpp  Un  the 

New,.  York  T^mes  graph  is  an  ^averag^  o^f  >a^d'  of  day  (clo8ing>  price  index  ever 
'     "  i  ■  •  '  * 

*  the  week.     Each- day* s  closing  price  index'is  itself  •ah  average-over  the  ^ 
closing  price *a,f  many  stocks.    The  weekly  average  of  the  closing  price' 
index' givas  pebpie  an  idea  ef  how  the  stock  market  is  go iiig  ,*  removing  the 

•  confusion  of  changes  from  Monday  to  Friday  due  to  ppejtNUig  and^  closing  of 
the  stock  market^  dailV  news,  events,  or  the  fortunes  or  misfortunes  of 

a  particular  company.  Of  cdursc,  each  day^s  closing  price  index  of  indiv- 
idu'al  stocks  can  be  relevant  for  someone  "playing  the  market"  dally,  or_^, 

*  looking  for  a  single  Tnvestment^that  may  give  unusually  high  profits.  But 
i^X  the^ long-range  investor,  or  apmeone  assessing  How  we M  the  economy  is 
doing,  the  New  York  Times*  graph  showing  t^ea^erages  of  manv  stocks  is 

^  .     V  /y  ■  i   ■.    -  ■ 

more  useful.  .  ^  .  V  '  ^ 

There  are  many,  familiar  cases  in  USMES  units  in  which  the -comp^ln^-T3f 

data^iS  important  but  of  tenuis  jidt  accomplished  j^y  the  students.  In 

displaying  the  results  of  a  questionnaire,  making  a  bar  graph  of  "y^^^^* 

*  ''no",  or  "no  answer"  versus  each  respondent  is  not  very  much  more  revealing 


'    than,  the  list  from  which  the  graph  is  made  (see  Fig..  5). 
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Hbwever,  collecting  the  number  of  "yes'^  votes  for  each  question  and 

.plotting  that  number  \^erticaHy.,  versXjs  the  question-horizontally  will 

*  ■ 

reveal  immedi'ately  which  questions  eleclted  aa  unusually  strong  positive 
orFnecatlve  reaction;    ,The  number  of  "no",  and  ""^no  answer"  responses  for 
e'ach '  quest  ion  may  be  plotted  on  ^he,  other  gr^hs.    Qr  the  ratio  of  "yes" 
to  "no",  answers  may *be  plotted.     ^  .  ^ 

•  The  data  from  the  class  which  represen(*^d  the  results  of  their. ques- 
tloanaire  as  ih  Fig.  5    is  compiled  to  show  the  nuifoer  of  "yes"  angers, 
for  feacb  question  <see  Fig.  6).  *  * '* 
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Figures 


^  Another  common  II^MES  example  Arises  In  repeated  observations  ,*  such  as 
tossing  a  /ie  or  a  coin  -over^  and  over  i^galn,  in  measuring  something^  several 
times  to'pheck  pn. accuracy,  of  in  taking  a  long'feeries  of  gap  titnes' in  . 


f  >  *  **** 

traffic,  Merely^.making  a.  graph  of  the  nunibfer  ef  heads  out  ten  tosses 
for  .each  sample  set  of  ten  (or  the  length  ipbtairied  for  each  measurement , 

X  ,  '         *  J  *  ^  ^  * 

or  the-  gap  time  between  each  siic^efesive  pair  of  cars)  will  enable  the  eye 


to  get  a  rou 


gh  iJi 


ea  Qf  the  rangd' of  results  and  .how- it  fluctuates.  However, 


a  frequency  histogram^  willjlell  much  more,  '  For  exair5)le,  one  may  compile 
'and  then  graph  the  nuiaber  of  times  that  out  of ^ ten  tossejj  0,  1,  2,  3,  4, 
,5,  6,  7, '8,  9^  or  10  heads  come  up  (or  the  number  of  times  the  measure- 
ment  was  between  45"-46",  or  46"-47",  et:c.  or  the  numbei?  cf  gap  times  of^  * 
r,  2,  3,  4,  5,  6,  7,  or  8  seconds).  \ 

Fig,  7  shows  a  histfogram.  constructed  by  children  of  ^the  number^f  g 
children  crossing  in  a  stated  length  pf  time.     Fig,  JB  shaw3  the  results  of 
tossing  a  penny  in  samples  of  10  tosses*  ,  S^ich  graphs  quickly  enabl*e  pne  to 
read  off  the  mode  and  median  of  the  distributors  which  measure  4he  probab- 
j^'ility  of  the  event and  the  range  which  shows  the  statistical  variation 


A 


involved!    More  than  that,  it  shows' Hiilearly  the  odds  of  any  p^rticulaT 
n^er  of  heads  showing  ,up  (or  the  likelihood  of  the  time  measprepent  being 
a ''given  amount  from  the  median- (^r  of  a  gap  tl^je  of  any  desirable^  amount 


appearing) 
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Crossing  Tiuje.,  inf  Seconds 
Figure^  7  . 
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Nunber  of  'Heads''  in  Samples  of  ten  tosses 
^  •  Figure  8 


Median 


^In  USMES  logs  you  will  flnd^many  examples  of  children  making  more  and 
mord  useful  versions  of  graphs  of  their  data.    *YoU  will  al^o  ^ee  some 
examples  of "children  switching  from  one  set  of  data  to  another  without" 
making  much  progress  in  the  understanding  or  presentation  of  such-  data. 
They,  do  not  get  th^' full  benefit  of  thier  observations.    Those  who  crit- 
'  Ically  e?cajaine  'the:^  graphs  ^nd  reorganize  them  to  advantage  are- rewarded- 


by  the  value  of  the^ grapks^ in  forming,  their  recommendations^and  convincing 


others 


/ 


USMES      ,  ■ 

,Q'1973  ^dli':aticfn  DevefooTTien^  Center,  Inc.* 

REPI^SENTING  SEVERAL  SETS 
OF  DATA*  ON  ONE  GRAPH 

'    ^     .  by     ,       ,  ' 

» 

*  ,     .         Betty  Beck 


As— the  children  collect  m^ny*sets  of  .data  in  USMfiS  classe's*  occasions 
'arise  when  it  is  useful  to  represent  more  than  one  set  of  data  on' a  graph. 

Fo;:  exaaiple,  in  the  Luach  Lines  Unit,  t^e  children  may  have  data  collected, 

^  r>  ^  *  * 

on  different  d^ys  of  the  week  on  the  number  of  children  f ram ^the 'different  . 

gradefr  eating  lunch.     In  t^le  Pedestrian  Qrpssings  Unit,  thejr  may  have  col-- 

leeted  data  on  Che. children *8  crossing  times  Ipr  several  streets*    They  ' 

may  wind  magnets  with  differe^it  size  wire  and  different  lengths  of  the, 

same  wire  for  the  Electromagnet  Device  Design  Unit.,  Or,  for  the  Consumer 

Research  Unix,  they  may  have  ^sted  the  battery  lift  of  sey.eral  different 

brands  of  batteries.  '  * 

One  way  of  representing  two  sets  of  data  on  one  gjaph  is  to  construct 

a  bar  graph  with  adjacent  columns  rep'^esenting  the  two  sets.    The  graph  in' 

F.igure  ^  was  const ruc4:e d  >y  children  in, Pamela  Faxzini/s  Lmdh  Lines  class. 

The  grdph  in. Fig. 1  shows  two  sets  of  data;  ^Jlie  clerk's  count  of  ml^k 
^  each  day,  and  the  children's  count  of  tha  same  thin^.  The  data  as  sho^ 
on  adiacen*?"  columns  can  be  Compared  quite  easily.  However,  when  the  bar 
graphs  form  is  used  ^^.-t^presept  additional  setfe  of  data,  the  result^s  can 
Tjecome  %ite  difficult  to^nalyze.  The  graph  in  Flg^  2  shows  three  sets 
of  data:     The  teacher 's  count ,  the  clerk -s  -count  and  the  children's- 

/■     -    ..  ■  ■  \ 

c^unt  of  the  number  of  lunches  to  be  served  on  eaclr  day. 
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DATES  IN  FEBRUARY  > 


Figure  1 


oo 


ERIC  * 


.  ,      "feath  of,.th^  abov^  graphs  could  have  be^n  drawn  as  line  graphs  instead  . 

of- bar  graphs.'    The  lines  connect  the  tORs  o'f  the  , columns.  See  Fig.  3  for 

-%      -        ,                                                                                                                  '  V  » 

a  "line  graph  of  the  thaee  sets  of  data  on  lunch  counts. 


Nusfeer  of 
children 
buying 
lunch 


If  a  line  graph  is  dr^wn,  the  data  can  be  jnore  easily  compared  with, 
the  following  questions  asked:  ^  *        -  . 

.  Why  is  the  clerk's  count  of  the  )atuinb*er  of  lunches  sold  consistently 
higher  than  the  children's  count? 


/  # 


\  Why  is  the  ^teacher's  count  on  the  number  of  lunches,  served  some- 

titoes  more  than  the  student's  count  a^(^ some times  less? 
•    •    Why  is  the  difference  on  l^ch  coui^tg  greater  on  some  days,  than  on 
others? 

The  above  sets  of  data  on  milk  counts  and  lunch  counts  can  *also  be 
used  to  compare  graphically  the  difference  between  the  students  and  clerk^s 
counts  of  the  two  items.     Fig.  4  shows  a  line  graph  of  the  diff- 


etehces  in  tHfe  counts  ffcr  jailk'and  for^lunch.    The  children  could  ask 

.what  rtle^re  is  "dljf  f-erent  ^#bout  the  the  milk  counts' ar^  taken  and  the, 

wa'y         lunches  ai^^counted,'  that'  would  explain  the  large  difference  in 
t  ♦        "       *  ■  '  ^  . 

counts  .some  days  ind  a  siQall  difference  in  counts^ on  other  days^^ 

■  "  ■■        ■      ■  V  ■  > 


Difference 

in  , 
Counts  * 


Date^    in  February 
Figure.  4 


Matiy  times  the  representation  of  two  sets  of  data  on  the  graph  will 

provide  new  insights,  suggest  new  approaches  fo  the,  challenge,  or  show  gaps 

in  the  types  of  data  being  collected.     For  examp^Jre^  the  children  in  Bob 

'J  * 

Farias'  Pedestrian  Crossings  lalass  collected  data  on  crossing  times 'at 
four  streets  and    consttucted  b^r  graphs  for  each  street  which  show  t^e 
nusdser  of  students  who  crossed  in  a  specific  time  (see^^g.  5).  'The  ♦ 
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graphs  (and  the  medians)  show  thdt  most  stud^n^.  took  longer  cross 
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and"  Pleasmit  St.  th^n^fey  did^  crossing  Mass  .  Ave  and  at>  th^  tVaffljc  I'igh^ , 


■*At  t;he  traffic 
light 

(Median  ^  1) 


Follen  Rd. 
(Median  =  12) 


I  i 
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  I 


 „ 

Pleasant  S.t . 


(Median  =  12) 
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Crossing  times  -  second 
Figure  '5  • 
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However,        each  students'  data  is  represented  on  ^  line  graph,  some 
additional  insights  might,  be  drawn.    The'  graph  for  the  crossing  times, of 

r 

four  students  is  sfcwn  below  in  Fig.  7.    The  kisls  could  ask  why  Kitn  and 
Leslie  took  longer  to  cross' Pleasant  St.   than  Follen  Rd.,  while  John  and 
Tommy  took  longer  to  cross  Follen  Rd.,  than  Pleasant  St.    Why  did  Kim  take 
so  tong  crossing  Mass.  Ave,  when  he  crossed  at  the  traffic  light  faster  than 
the  others?    Perhaps  some  fat^tor  influencing  crossing  tim/*had  been  over- 
looked,^ or  perhaps  the 'data  gathering  procedured  varied.     The  kids  could 
construct  other  graphs  Which  would  show  Follen.  Rd.  and  Pleasant  St.  in 
reverse  order  on  'the  horizontal  axis.     If  this  was  done,  Tommy's  line  would 
be  almopt  straight;  John's  line  would  go  up  slighly;  Kim  and  Leslie's  lines 


would ^ go  down  slightly.     Tn  the  new-graph,  th^  student  crossing  times  'for 
the  two  streets  would  not  ^ppeaj: 'to  be  as  different  as- they  "^^ifieAr  in  Fig.  6. 
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Mass.  Ave*  Follen  Rd. 

Figure  6 


The- line 'g'taphs'  in  Figs.  3,4  and  6  hdve  been  constructed  witH  very  ^ 
obvious  data  point's .    This  is -a  good  way  to  show  that  the  variable  on  , 
t^ie  horizontal  axis  is  not  continuous  -  the  spots  on  the  axis  between  the 
auHsbers  (or  itenis)  indicated  have  no  meaning.     If  the  variable  shown  on 
the  horizontal  sxis  is  continuous,  then  the  line  can  be  drawn  straight  through 
points  which  do  not  stand  out.   "  •- 

■    Many  experiments  carried  out  in  different  USMES  units  produce  data 
about  a  factor  which  is  a  continuous  variable  -  times  (distances, -lengths)'. 

The  spots  on  the  horizontal  axis  1|etween  the  times  (distances,  lengthJ)  for 

'  *■ 

which  the  data. is  collected  iiave  meaning.*  ^or  example,  the  children  can  Seter- 

'   '  ■  -f  -  » 

mine  the  strength  of  a  magnet  by  determining  what  length  of  a  3/8"  diameter 

^steel  rod  the  magnet' will  hold.    They  test  the  magnet's  strength  when  it  is 
wound  with  5,  10,  20,  and  30  foot  lengths  of  wire.    The  line  graph  of  their' 


data  ^l^several  magnets  each  wound  wit-h  either.'#22  or  #26  wire  i|  shown 
"in  Ftg;  7.  ■  One-  can  asgume*^hat  the  strength  of  a -magnet  wound  with  7, 
18,  or  24  feet^of  #22  wire 'is  -  re'tires.ented  by  a  point  pn'the  line  repre- 
senting ^22 .wire.    One  can  also  assume  that_ if  magnets  wer^  wound  with 
#24  wire,  the  results  coaid  be  sh^wn^n  a  line  between  the  two  line^  of, 

the  graph.  " ■       •      '  v 

•       •     •  •    •  •    :        •  .     '  ' 


i,cngth 
of  3-/ a" 
.di(a.  rod 
picked' 
up 

( inches) 


Length  of  Wire  (feet) 
,  Figure  7 
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In  the  example -on  page  f.  if  the  children  had  measured'  the  widt^  of 
t^e  fc^r  streets-,  they  could  have'plotted  each  student's  crossing  time  vs.  ^ 
'ihe  widfh  of  the  street.    One  can  assume  that  the  students'  crossing  times 
can  be  then  fouifd  on  the  graph  for  other  streets  having  other  widths.     If  the 
distance  across  the  street  was  the  .only  factor  involved,  ^ach  student's  line  . 
wouW  be  a  straight  line,  assuming  he  walked  at  the  same  rate  across  each 
street. ^  The  absence  of  a  straight  -line  on  the  graph  would  point  to  the 

r    -  •  /  \ 

presence  of  other  factors  than  the  width  of  the  street.  'Did  certain  students 
hurry  across  Certain  streets?    Did  they  have" to  wait  pirt-way  across  other  streets 


Data  was  collected  by  students  In  one  Dice  Design  class  by  tossing  thuojljpj;''-'^'  / 
t&cks  -in  ^ajuplea"^  of  5  tosses.    Tim.  data  iw^as  then  giouped  in  sampies  of'  20  tosSes - 
and  the  result?  of  both.  saiiq>le  sizes  graphed  as  shovra  in  Fig.  10.     In  order  td*..  ^ 


represent' different  sized  samples  on  one  graph,  proportionarte  i;^ults  must 
be  shoim'd{i  the  horizontal  ,^0iis.    For  example.  If  a  toujabtack  dahds  point  up 
two  times  out  of  5  tosses,  the  proportionate  result  i^sv4.  With. the  larger- 


sample,  point  up  results, of  6  or  9  times  in  20-  tosses  are  also  graphed  as  a 


proportionate  result  of  .4. 
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Sanqjle  Set  Size  *■  5 
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et  S^*<--: 
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-Proportionate  Number  of  Ups 
^^  Figure  9 


The  activities'  described  in  the  teacher  logs  suggest  that  the  £ollowing\ 


'graphs  cOuld  be  constructed. 
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■  '1.    ^alk  counts  according  to  d^ses  with  different  lines  slipwing 
'  '  '  '  .    dif ferenit  days  of  the  \ie^.        •       ,  '  v  ^        .  . 

'  Cir  couhta  in  pert^iin  time  periods  during  the  day  with  different 

-  iinQ$  showing  dif^rent  days  of.  the  week  or  dif  fereiit^  types  of 

*,  ■  weatlier-  '  '      .  ,  .\ 

•        ^  ■      *^     '  •  '  ''  *  , 

3.'    Median  cross inl-\tinies  kt ' differ^nt^  crossings^  with,  dl'flerent,  lines 
showing  data  at  trimming,  nooQ  and  school  dismissal -.times. 

Man/  ofher  opportunities  will  arise  for  the  children-  to  show  se^al  sets 

of  their  data  oft  one. graph.  r 
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USMES-        '  . 

it'on  Df'Vv'c:}*';  n'  ^.:'plotting  wiati^r  "predictions  data  ' 

■  .     ,  ON  THREE-DIMENSIONAL  PEGBOARD  GRAPHS 
(iased^on  suggestions  by  Jack  p&rs^ng  and  Lela"nd  We^b)     '      •  * 

The  Weather  Predictions  unit  provides  the  .opportunity  and  sjec^d  • 

for  the  children  to  con84:ruct  and  ms%  various ' types  of  graphs.     In  addition 

.to  standird-type  graphs,  three-dimensional  pegboard  graphs  can  be  cons  true- 

ted  to  plot  jdata  and  to  correlate  various  varljables  ^s  they  pertain  to 
f         ^    ,       •  -    »         ,  ^  ,. 

Weather  predictions.    Regression  lines  can  also  he-  esta'bllshed  making  it 

■possible  to  spot  trends  between  changes  in  wBather  variables  ahd  the  Actual 

weather,.    The  following  paragraphs  discuss  several  types  olographs  whicfi 

'      ■  .  •  ■  '  .       -  i  • 

can  jbe  useful  tool^in  making  mpre  apcurat^  weather  predictions.  » 

i.    A  graph  with  no  observations  *or  measurements-^  merely  thei«».  outcome 

of  guesses.*    Xhe  children  would  guess  what 'tHey  thought  would  ha^pien  the 

.  ?         ,         . '  .      •  ■  '  ■     -  i 

-  jf 

following  day  and  a  tally  would  be  kept  as  ta  correct  and  Incorrect 
predictions ^    Each  tally  would  represent  a  day..    One  possible  fonnail 
follows:  *   .  '  '    "  •     A  • 


correct 


4m-  I  I 


ncorrect 


'  The  chil^en  could  then  cot^are  the  results '  6f  their  straight 
guesses  with  predictions  based  on  observations  and/or  measurements  ot 

different  variables.    Climatology  data  could  also  be  used.    Hopefully,"  the 

'  '  i 

guessing  metiwd  wouid.not  be  as  accurate  as  the  other  methodS|.       *  ;/ 

2.     The  children  might  use  a  large  pegboar-d  to  plot^  th«^  data  they.  ^ 
collect  each  ^day  on  different  variables  such  as  pressure,  temperature  and 

•  USMES 
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-  ■     ,  '     .        .  . 

relative  humidity.    Difcferent  vertlcjal  scales  .are  placed 'along  the  sides   '  • 
of^the  p^boarcK  for  the  different  variables.    Then»  a  varietj^  of  different- 
coi6«red,  and/or  dif fesent-shapeS,  blotks  representing  the  different  variables 

.X  /  •  •        .  ,^  , '  *  ■ 

are, placed  each  day  over  dowels  inserted  into  the  appropriate  holes  in  the 

•  '    .  "        *  ^  ■    f      '  '    •  * 

Begboard.,    Figure  1  ^dws  a  picture  ^.f  this  type  of  pegbpard  representatiotT 

of  data  gattfered  In. Boston,  Massach^petts',  duriii&  th§  month,  of  Janiiary,  1972.^ 
The  data  used  was  obtained"' from  the*  Superintendent,  of  Documeiits ,  U.S.  Govern- 
ment Printing  Office  and  represents  dally  aver^^es  In  most  cases.  The 
data  sheets  are  reproduced  on  pages  GR5-10  and  11;  ord^ing  information  is 
shown  on  the  first  page  of  the  sheets^\  ' 

Similar  data  ma;J^be  compiled  from-the  daiHy  weather  report  in  the-   "  . 
local  newspaper  or  on  a  local  TV-^station.     This  will  usually  provide  the 
barometric  "^essure  at  one  (or  two)  times^during  the  day  along  nith  high 
and  low^teonjeratur-es,  th|  irelatlve  humidity,  and  the  rainfall  for  the  past 
24  hours.    The  24-hours  change  in  pressure  can  then  be  easily  obtained. 
It  should  b^  noted,  however,  that  these'are  relatively  long-tem  variations 
and  that  short-tepn  variations  that  could  signal  a  feather  change  can  be - 
missed.    The  only  way  to  avoid  this  is  to  use  frequent  readings  of  instruments 

On  the  pegboard  ^hown  in  Figure  1,  squares 'shw  average  relative 
humidity,  circles  show;  average  barometric  pressure  and "  triangles  represent 
average  temperatures.     Precipitation  is  shown  in  two  wajs:     1)     the  amount 
Is  shown  across^ the  top  of  the  chart  and  2)     dark  squares,  circles  and  ) 
^tri^'gles  are  used  on^  days  when  the  amount  of  rain. was  .01"  or  more. 


(Figure  1  is  oft  page  GRJ-4.) 

This  oegboard  graph  can  also  be  i^ed  to  show  the  correlation  between 
the  variables  and  the  actual  weather.     Different  colored  yarn  can  be  used 


1 


\    ^  0 


to  connect  points  represent ing  ^relative  humidity  data,       •  pressure  da-ta,  ^ 
or  temperature^  data,   -Sometimes  ccjnneeting  the  T)oints  with  string  or  yarn 

4 

is  usefiii  for  interpretation  of  data.    At  other  times  it  may  ^erve  only 
to  confuse.     For  example,  If  th©^  data  is  such  th^t  the  line  'Formed  the 
yarn  is,  ragged  with  rip  discernible  tren^,  ^  shown  beigw^  then  the  pegboard 

grap^  is  confusing.  |Wheji  this  occurs,  it  is  better,  perhap^,  to  find  A 

■    ^      '  '  '  I  -  '   ^  ■ 

regression  line.    This  Is  discussed  In  the  background  T^aper  *^Using  Scatter 

Graphs  to  Spot!  Trends 


Yam 


Figures  2,  3,  afid  4  shoy  ^  solid  line  for  relative  humidity,  pressure 


and  temperatuife,  respectively.  A  ^uick  glance  at  Figure  2  shows  that  t)ie 
relative  humidity  was  high  on  r^in^-  da^.  An  examination  of  the  p/£^sure 
line  in  Figure  3  shows  in  m^my  cases  a  decrease  in  pressure  from  the  pfe-- 


ceding  day  whenever  It  rained,    l^wever,  no  cori;elation  is  evident  in 
Figure  4  benreen  chaxige  in  temperature  and  rain.    Of  course,  s>me  changed 
In  the  variables  are  unknown  because  of  the  absence  of  more  ^^quent . 
measurements.    Figures- 2,  3,  mid  4  are  on  pages  GR5-5,  6,  and  7,  respec- 
tively. 
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3.    The  corjrel^tion  between  change  in  pressure  and  amour)||  of  rain  C 

can  be  seen  oil  another  type  of  thr.ee-Uimensional  pegboard  graph.  ^  Figure  5 

shows  .a  graph  of  different  amounts  of  rain  vs.  change  in  pressure  for  ;:he 

month  of  January,  1972.     (If  the  pressure  chang;es  from'SG.O  inchfes  of 

mercury  to  29;9,  the  change  is  -O.lr  ta  29v8,  the  change  is  -0.2,  etc.) 

A  quick  glance  at  the  gfaph  shows  that  the  larger  amounts  of  rain  occur 

when  the  pressure  drop  is  greater.    This  t.rend  can  be  seen  more'^clearly 

when  the  median  amount  of  rain  is  found  for  a  ^change  in  pressure  in 

graduations  of  ,0.2  inches  each.     Figure  6  shows  the^e  median  amounts  of 

rain  circled  and  a  line  drawn  between  circles.  *  The  background  paper 

1.  "Using  Scatter  Graphs  to  Spot  Tjends"  gives  details  on  this  technique.  As 

* 

children  collect  data,  they  can  establish  this  trend,  as  w^l  as  otherl. 
They  may  also  find  thatf  there  is  no  trend  at  all. 

The  children  can  use  the  data  shown  on  the  pegboard  graph  to  make 
predictions  in  terras  of  probability  of  rain,  ^y  counting  blocks^  the 
children  can  see  that  the  pressure  dropped'  on  13  days  during  Se^teiiA)er; 
^ it  rained  5  of  these  days.    The  childf^n  may  deiiide  that  the  probability 
^  of  rain  is  about  30%  on  days  when  the  pressure, has  dropped.    On  the  other 
hand,,  on  the  16  days  when  the  pressure  remained-  the  same  or  incrfeased, 
it  rained  only  twice.     On  those  days  the  probability  of  rain  might  be 
stated  as  only  10%.    As  more  d^a  is  collected,  the  children  can  makei 
better  predictions  of  the  iifeather  with  less  guessing  requix^j^^ 
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USING  SCATTER  GRAPHS  TO  SPOT  TRENDS 
Earle  Lomon  ^ 


In  many  USMES  units  the  relationship  between  dependent  v 
variables  is  useful  information  fht  finding  good  solutions  tO  real 
problems.  '  Sometimes  that  relationship  is  rather  defin^e  and  precise. 
For  Instance,  the  velocity,  v,  of  a  nearly  f rictionles's  cart  that  has 
rolled  down  a  hill  of  heigh i:,  h.  Is  approximately  given  by 
v(ft»  ^rea)  «  8^h(feet)    and  a  plot  of  reasonably  good  measurements 
will  be  well  fitted  by  a  smboth  parabolic  curve  (see  technical  paper^on 
roadway  desfj^n).    A^plot  of  a  few  experimental  points  can  then  be  used, 
for  interpolation  to  predict  thfe  velocitfy  obtained  for  heights  between 
thosQ  measured.  - 

'     There  are  other  cases  in  which  the  relationship  is  not  definite  but 
In  which  kjnowing  the  trend  of  the  variables  with  each  other  is»  important. 
An  example  is  shown  in  Figure  1.     Each  dot  represents  an  individual's 
chest  width  '(vertical  axis)  and  collar  bone  to  waist  distance  (horizontal 
axis).     The  relationship  is  certainly  not  definite.    For  instance,  Ipr  th^ 
24  people  wi^h  the  collar  bone  p:o  wals't  distance  of  13  inches, ''the  chest 
width  varies  from  6  1/2"  to  12".    Nevertheless*  there  is  a  clear  trend  for 
the  cheSt  width  io  get  larger  as  the  collar  bone  to  waist  distance  In- 
creases.    The  childreti  quantified  this  relationship  by  boxing  off  the  points 
into  clusters  (See  Fig.)  and  then  using  a  middle  point  as  representative 
of  the  cluster. 

''The  result lng**i*airs  of  lafea^urements  at  each  of  the  five  mid-points 
provide  «  relatioi^e^ween  the  variables  which  the  children  expressed  In  a 
table.  '  /  ' 


*    •      ■         .       A.      Chest  Width  =  7" 

/  Collar  Bone  to  Waist  «  9" 


\ 


/ 


B.  Chest  Width  =  8"^ 

Collar  Bone  to  Waist  -  .11" 

C.  Chest  Width  =  8" 

^Collar  Bone  to  Waist  «  13"  ^ 


S 


yist  ^ 


D.     Chest  Width  =  9* 

Collar  Bone  to  Waist  »  15" 

,  E.     Chest  Width  =  11" 

Collar  Bone  to  Waist  -  17" 

I 

This  shows  that  for  successive  incremetits  of  2  inches  in  "collar-bone- 
to-waist"  there  is  a  1",  zero,  1"  and  2"  Increment  in  "chest  width," 
This  is  an  ayprage  of  1"  of  chest  width  Increas^  for  each  2"  of  "collar- 
bone-to-waist."     That  quantitative  result  can  be  used  for  interpolation, 
(A  chist  width. of  about  10"  goes  with  a  "collar-bone-- to-waist"  average 
of  about  16", )'  It  can  also  be  used  for  extrapolation,  '  (A  chest  width 
^  of  12"  goes  with  an  average  "collar-bone-to-^waist"  of  about  19".)    Of  ^ 
^  course,  extrapolation  must  be  used  only  for  short  extensions:  ^  one  might 
otherwise  conclude  that  a  chest  width  of  2"  implies  k  "collar-bone-to- 
waist';  of  (-1)"! 

The  children  had  a  very  direct  use  of  their  clustering  and  table. 
They  surmised  that  aprons  mad^'petfect'^  for  any  of  the  above  5  sets  of 
measurements  would  be  comfortable  for  everyone  in  the  cluster,  because  the 


eluded  that  th^ 


^  variation  in  a  cluster  was  Ismail  enough.     Thus,  they  concluded  that 
^  an^y  needed  at  most  those  five  choices  to  satisfy  customers  for  the  aprons. 
It  4s  most  important  to  note  what  the  cluster  graph  told  them  they  did  not 
need.    Although  there  are  people  with  chest  widths  near  J"  and  people  with 
"cqllat-bone-to-wai|^*  of  1*^",  no  one  in  their  sample  had  both  measurements 

4 


simultaneously*  Thus,  the  demand  f«r  iiprons  ^suited  for  that  combina- 
tion would  be  very  low  and  they  made  none.  In  fact,  they  had  reduced 
a  possible  !5  x  5  =  25  apron*  sizes  to  only'^Sl  .  This  was  because  the  ' 

> 

scatter  graph  had  shown  them  the  correlation  between  one  variable  ^nd 
another.     This  is  another  way  of  speaking  of  the  trend  of  one  with  the 
other*        '  *  ^  ^ 

The  children  "eye-balled"  the  graph  and  drew^ fr^'-hand  -boxeB  to 
isolate  the  clusters/    They  then  found  the  center  of  a  cluster  by  ey^ 
Are  there  less  arbitrary  an^i  perhaps  more  precise  ways  of  finding  a 
trend  in  a  scatter  graph?    Sometime^  the  "eye-ballirtg"  is  completely 
Inconclusive,  as  it  was  for  the  "walst-xto-knee"  or  'Wist"  scatter  4 
graph  of  the  same  plass.   (See  Figure  2  og.  following  page) 

Lefc  us  apply  a  procedure  of  finding  the  median  value  of  "waist-to- 
knee"  for  equal  bands  of  waifet  measurements.    Let  us  first  choose  1" 
bands,  i.e.  21"  to  21  1/2",  22"  t;o  22  1/2",  etc.     (See  Figure  3,  page  .) 
The  first  such  band  (we  will  call  it  the  21"  (jahd)  has  9  points  in  it. 
Counting  up  fi^e  pMnts  f roii^^  the  bottom  (or  from  the  tf^)  we  come  to  "waist-- 
to-knee"      19  1/2"  and  hav)e  marked  it  with  an  X.     Th^3"  band  contains  20 


points,  so  we  mark  an  X  midway  betweefe  the  10th  tod  lit^  points,  and  so  on, 

^  ♦        "  '         '  ^ 

for  all  the  other  bands.     The  X's  cover  a  much  more  narrow  range  than  the 

points,  b^t  they  Jiggle  around  a  lot,  showing  "no  obvious  trend.    Yet,  the 

jiggling,  may  obscure  a  trend.     For  instance,  if  one  ignores  the  first  point, 

then  one  may  Infer  a  possible  upward  trend. 

The  jiggling  of  , the  X's  is  about  as  largess  any  overall  trend.  Thus, 

further  averaging  is  needed  to  establish  any  correlation.    We  can  find 

the  n^edian  4)oints  of  2"  bands  (21'*  to  22  1/2",  23"  to/2A  l/2'U 


ERIC 
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'  .  ■? 

etc.).    These  medians  are  shown  by  c'lircles  on  Figure  4.    Now  the  jiggle  is 

"  much  less,  adjacent  circles  being  within  an  inch  of  each  other,  except  for 

the  last  circle.    With  the  exception  of  the  laat' circle  again,  all  the 

% 

qlrcles  are  18"  +  1/2".    As  1/2"  is  an  irrelevant  amount  wi'th  respect  to 

'     •■   ■       .  ^  ^  , 

"waist- topj^ee"  Qomfort,  we  have  now  esta^ish^  that  there  is  no  significant 
ttend,  if  aby.  -  .  , 

What  about  the  last  circle?    It  could  be  just  a  fluctuation, 
especially  as  there  is  so  little  (^(orily  6  points)  dajta  in  the  33"  -  34  iL/2" 
band.    However,,  it  could  be  the  ^beglnndaig  of  a  region  with  a  stronger 
'    trend  (very  large  waists  ^o  with  larger  "waist- to- knee."    We  simply  - 

can't  tell  from  this  data,  ^nd  it  would  be  dangerous  to  draw  important 

■       .  '  \ 

inferences  from  it.     Is  there  any  other  useful  information  to  be  gleaned  ,  \ 

■     m  ■  ■' 

from  this  graph?^  One  not^s  that  thete  are  no  "waist-to-knees"  of  under 
<    16"  for  "waists"  of  over  29".    Thus,  one  might  decide  to  provide  fewer 

aprons  with  the  largest  waist  measurement  and  small est^^waist-to-knee" 

measurement .  — •  > 

Means  within  each  band  could  be  used  instead  of  medians.^  There  will 
,  'be  some  dr^fferences  in  the  jigglfng  of  means  and  the  jiggling  6f  medians.  ^ 

But  when  the  bands  ^re  big  enough  to  reduce  the  jiggling  of  one  to  an  in- 

\  '  '  - 

significant  amount,  it  w^ll  likely  reduce  the  jiggling  of  the  other 

;  .  .  ^  ' 

^        similarly.     The  trends  shown  may  be, a  little  different  if  the  points  don't 

tend  to  be  roughly  symmetric  about  the  median,  pojnt ,  .  ■» 

The  above  paragraphs  describe  the  procedure  for  spotting  a  trend,  in  the 

"x"Y"  variable  (waist--to-knee  measurement)  with  respect  ta  the  "X"  variable 

(waist  measurement)'.     However,  the  scatter  graph  might  have  been  drawn  with 

the  variables  represented  on  the  opposite  axis.    The  reader  might  try  turning 

li 

the  graph  around  and  drawing  equal  bands  for  walst^to-knee  measurement  and 

^  ^-  -  ^ 
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find  the^  median  waist  measurement  for  each  band.     Do  the  results  confirm  the 

/ 

lack  of  any  significant  trend?  ^ 

The  Teader  might  also  find  medians  (or  means)  for  the  chest  width  vs. 
collar  bone  to  waist  scattfer  graph  (Figure  1).    Are  the  results  the  same  as 
those  obtained  ]t>y  the  eyei-balling  method?  ^ 


Triangle  Graphs  and  fatter  Graphs^ 

)«- 

Triangle  graphs  basically  contain  the  same  information  as  scattejr 
graphs.    They  show  a  relation  between  two  meastfrements  which  is  designated 
by  a  point.    In  the  technical  paper,  "Geometric  Comparison  of  Ratios,"  a 
case  studied  Is  trunk  length  (vertical  axis)  versijus  leg  length  (horizontal 
axis).     In  Figure  6  of  that  paper,  points  are  marked  that  show  the 
relation  of  those  two  measurements  for  different  people •    The  only 
difference  from  a  scatter  graph is  that  lines  are  drawn  from  the  ori- 
gin (zero  trunk  length  and  zero  leg  length)  to  each  \f  those  points^. 
The  reason  for  those  lines  is  that  their  steepness  Is  a  geometric 
description,  of  the  'Jg^tlo"  or  "proportion"  of  those  two  measurements. 
Thus,  In  a  triangle  graph  we  also  learn  something  about  the  scatter, 
median,  etc.  of  th^ra&io  of  the^  two  measurements.    NevertWless,  all 
triangle  graphs  can  be  used  a«  scatter  graphs,  by""  ignoring  the  lines. 
The  graph  can  give  information  on  trends, size  ^l^isters^^tc.  ^ 
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Collar  Bone  to  Waist  in  Inches  ^ 
Figure  1 
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DATA  GATHERING  AND  GENERATING  HISTQGRAMS  AT  THE  SAME  TIME 

'  —  «  , 

(STACK  'EM  AND  GRAPH  'EM  AT  ONE  FELL  SWOOP  I) 

\  . 

•by  • 
Ed  Liddle 

In  several  USMES  units,  the  histograia  occupies  a  revered  place  in' data 
analysis  ^nd  communj^cation.    However »  in  working  with  children  and  the  teacher 
t>f  children  I  am  frequently  left  with  the  feeling  that,  while  an  acceptfirt)le 
graph. can  be  guide^,  cajoled,  or  coerced  from  the^tudents,  the  meaning/^f  the 
graph  has  not  come  through.    The  major  concept,  that  of  the  graph  being  a  2-D 

representatioti  of  the  data  gathered  froio  a  3-D  physical  world,  is  oft  over- 

♦ 

looked  or  Ignored.    This  paper  looka  at  ways  in  which  the  analysis  of  the 
data  and  the  gathering*  of  the  data  can  be  conjimcfed.    That  is,  what  are  ways 
jfti  which  the  realpess  of  the  data  can  be  preserved  through  the  analysis  and 
'interpretation  stages.  ^ 

In  considering  this  problem  ftom  a  practic^l^rspective,  I  see  two 
major  probl^  in  the        many  elates  utilize  histograms.    The  first  is  the 
conc6p£ual  distance  betilBfen  the  and  the  histogram;  th^  second  is  t;he. , 

time  delay.    Many  times  data  are  gathered  and  days  intervene  between  this 
collection  and  the  organization  and  graphing  process.    This  time  lag  adds 
to  the  problem  of  conceptually  relating  t!ie  histogram  to  the  physical  data. 
Detailed  records  of  what  was  dope  and  what  happened  in  the  experimental  pro-  • 
cedure  would  facilltatje  the  recalling  of  the  physical  context  in  which  the 
data  occurred  but  the  specificity  children  use  is  often  insufficient  to  be 
of  much  help.     In  addition,  if  young  children  are  not  at  ^  stage  of  develop- 
ment which  allo\4  theip  Nonfunction  well  at  an  abstract  level,  „the.  use  of 
recorded  data  presents  even  more  of  a  problem. 

Vhat*  then,  can  be  done  to  alleviate  these  problems?    The  general  thane 
■  "  -        -  \        '  '/       .  ■ 

,the  following  is  to  have  (1)  the  data  gathering  and  histogr.am  construction 


) 

V 
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occur  atf  close  together  in  time  as  possible  and,  (2)  to  Ijave  th^  fonaat^ 
used- in  the^data  gathering,  analysis  and  display  processes  be  as  closely 
related  in  physical  characteristics  to  the  objects  in  the  system  of  interest 
as  possilrfte*    For  example,  if  one  is  gatherir^  data'  on  people  preferences 
for  red,  green  or  yellow  pop  (soda  or  tonici)  three  plafitic  tubes  fixed  in  ^ 
/H  piece  of  wood  into  which  marbles  could  be  dropped  wouldj^be  used  i in  con-  . 
ducting  tjhe  survey.^  The  first  tube  would  be  for  red  marbles,  the  second  for 
greeir'iftarbles  and  the  third^for  yell^  marbles.    As  people  indicate  theif 
preference  a  marble  of  the  appropriate  color  is  dropped  in  the  proper  tube. 
After  completing  the  survey,  one  ends  up  with  three  stacks  of  marbes,  the 
color  representing  the  color  of  pop.     By  viewing  the  three  tubes  horizontally 
one  has  a  histogram!    There  is  no  need  to  transcribe^  written  responses  to 
a  sheet  of  graph  paper.    The  histogram  has  been  constructed  when  th#  data      -  . 
^were  gathered.     (See  figure  1.)     ^  .  ,  ' 

If  one  wishes  to  teach  the  idea  of  a  two  dimexisional  histogram,  obtain 
a  slide %proiector  or  other  light  source.    Shine  the  light  horizontally  on 
the  .marble  and  tube  array.    The  shadow  (really  light  with  holes  in  it  I)  can 

*  * 

be  projected  on  a  sheet  of  paper.    This  can  be  traced.    The  idea  is  that  ^ 

two  dimeosional  graph^is  really  a  projection  of  the '3-D  world  ortto  a  2-D 

J 

sheet  of  paper. 

Other  suth  histogram-data  collectors  are  possible.    The  simplest  device 
consists  of  k  board  through  which  nails  have  been  driven.    Any  uniform  objects^ 
wooden  beads,  nuts  (the  kind  that  go,  on  boltsi),  wooden  discsf^etc.  are  then 
used  to  record  responses  by  piling  tKpm  up  on  the  appropriate  nail.  (See 
j4  figure  2.)  ^ 

-In  wprklng.with  Ist  grade  children  an  even  more  basic  approach  is 
suggested.    For  exairolt,  Consider  a  cookie  preference  survey.    Instead  of 
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recording  the  data  with  pencil  arid  paper  in  the  standard  way^^he  cookies 
themselves  can  be  placed  In  a  bag  Csack)  or  box.    For  example,  if  Oreos 
are  preferred  by  an  individual,  he/she^  drops  an  Oreo  into  the  box  for  Oreos, 
After  conrpleting  the  survey,  each  type  of  cookie  can  be  p],ajced  in  a  stack. 


This  won*t  work,  however,  if  the  different  cookies  vary  in  thlckn* 


In 


that  case,  the  children  can  use  cut-outs  (Tri-Wall?)  of  the  cookies,  thus 
obtaining  a  uniform  thickness  for  each  type  of  cookie. 

Figure  1 


Plafitic  tubes 
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GULLIVER'S  TRAVELS  ACTIVITY* 
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Possible  Teaser;    Discuss  J.  Swift's  Gufliver's  Travels  and  read  the  follow- 
ing excerpt  frcjm  Chapter  6  of  "A  Voyage  to  Lilliput":  - 

"Then  they  (Lilliputian  tailors)  measured  my 
yright  thunb,  and  desired  no  more;  for  by  a 
■  •  mathematical  computation,  that  twice  round 

the  thumb  is  once  round  the  wrist,  and  so  on 
to  the  neck  and  the  waist,  and  by  the  help  of 
sssj  old  shirt,  which  I  displayed  on  the  ground 
— "       before  them  for  a  pattern,  they  fitted  ae  ex- 
actly." . 

First  Challenge;    "Were^  the  Lilllpurtians  accurate^    How  can  we  find  out?" 

Have  small  groups  devise  ways  to  evaluate  the  Lilliputian  approxi-** 

mations.    They  will  need  to  discuss: 

1,  How  to  make  ifiteasurements  (techniques »  units); 

2.  How  to  record  and  interpret  data  (charts,  tables ,  graphs ) . 
Allow  the  groups  tp  act  with  minimal  guidance.    Eventually, «t 

least  one  group  should  devise  scatter  plotft  of  thumb  circumference 
vs.  wrist  circumference,  wrist  vs.  neck,  neck  vs;.  waist.    See  Fig.  1 
for  a  scatter*  plot  of  wei^t  vs.  height. 
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Height  (inches) 
Figure  1 
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A 


Convene  a  class  discussion  when  groups  have  made  some  progress  to 
compare  their  .recoimaendatlonp.  .  Adopt  one  or  several  of  the  recommenda-  < 
tions  and  have  «nall  groups  gather  data  for  the  class  with  each  group  using,' 

A  .  .■ 

the  recotnpendatlon  of  its  choice.  ^  « 

Employ  another  class  discussion  to  evaluate  each  recotmnendatfjfnaod 
the  meChod  used  by  the  Lilliputians.    Triangle  diagrams  might  be  constructed 
from  scatter  plots  by  drawing  straight  lines  from  the  points  to  the'origin. 
These  lines  Represent  the  ratios  of  the  two  measurements  and  might-  be  com- 
pared with  plots  of  known  .numerical  ratios,  e.g.  2;1,  3:1,  4:1.    See  Fig.  2 


and  3,  and  technical  paper ft^sAa"  fche  subject 
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Width  of  Fcx)t  (laches) 
.     Figure  2 


Figure  3 
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IteslRnloK  for  Htflnan  Proportions  Challeryge;    "^n  you  discover  other  corre- 
lations ^ng  parts  of  the  body?    How  might  they  br~used  for^clothing ' 
patterns  or  furniture?  design?"    Again,  work  should  be.  done  in  small 
groups  with  an  occasional  class  discussion  to  compare  the  conclusions 
of  the  small  groups.    Ycjur  stuSetfta  yff±Tl  suggest  many  correlations  and 
should  be  encouraged  to  test  as  many  as  tin^  and  their  patience  permit, 
Some  of  the  correlations ^that  may  be  discovered: 

-  width'  of  hand  (or  palmVvs.  distance  from  elbow  tc^  wrist 

(lu)ckey  gloves)  -  /  ^ 

-  width  of  foot  V8#  length  of  foot  (number  of  shoe  widths 

needed  for  each  shoe  size) 

-  arm  length  vs»  height  (placement  of  chalkboards,  light 

switches^r^tc.) 

-  seat  student  on  floox;  against  wall  and  compare  distance 

from  floor  to  top^^ill  head  vs.    distance  from  wall  to^eel 
(ratio  of  jacket  length  to  trouser  length,  ratio  of  back 
heightf  to  seat' depth  foir  chairSi  etc.)  . 

"Do  the  correlations  you  have  discovered  hold  true  for 
people  of  all  ages  and  of  both  sexes?    How  can  th4  information  be 
used  (number  of  furniture  or  cl^Jrf^ing  sizes  needed,  best  hei^t  for* 
'  chalkboards ,  4>appet  sizes)?"    This  question  should  be  raised  during 
the  final  class  discussion  in  connection  with  the  second  challenge. 
Students  should  set  up  a  program  for  gathering  data  from  other 
classes,  other  grades,  families  and  friends.    Da^a^should  b€i  po^^A^^ 
but  analysis  of  the  data  should  again  be  tarried  out  in  small  groups 
that  report  in  cl^s  discussions  ♦    Encourage  students  to  suraraarize 
their  discoveries  on  a  graph,  sketch  or  shgrt  sumoiary  that  can  be 
explained  and  posted  for  all  to  see.    Perhaps  the  most  striking 
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discovery  your  students  will  make  Is  that  t^e  comparison  of  length  of 
head  vs.  height  varies  dramatically  with  age  (fr^jm  about.  1:4  among  Infants 
to  about  1:7  among) adult a.)    Fig.  4  shows  seta  of  data  on  hand  length  and 
leg  length  for-both  adults  and  children  on  one  diagram.-   The  median  trunk 
'    length/leg  length  ratio  for  children  is  12/22.  and  for  ad.ult8/36/40. 


Adults 
Childrer 


Leg  Length  (Inches) 
•   Figure  4 
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Sub8e<^uent  Activities;    The  Designing  for  Hliman  Proportions  activities  can  le^d 
irfto  a  variety  of  other-  inyestlgatiians  that  offer  many  op^rtunlties  for 
your  students  to  discover  further  uses  for^tjie^^'sldlll    ^i3"Tttisights  developed 
during  the  i^it.    Students  shoulja"^wyfkln  pairs^orv^ry  •small  groups  and 
should  be  encouraged  to  ^e^ect  an  activity  of  particular  Interest  to  thai&* 


Cteometric  Correlatlonis  (Taken  froid  Biggs  &  M^cLean/ 

^'Freedom  to  Learn"  which  should  be  consulted  for  additional 
ideas •) 

^  -graphr  circumference    vs diaiaetdr  for  various  circles 


-graph  perimeter  vs ,  area  for  various  squares 
-^gfaph  perimeter  vs.  side  for  various  squares 


-graph  area  vs^.  side  for  various  squares  , 

-graph  area  vs.  widt|i  for  rectangles  of  constant  perimeter 

**gri^h  volume  vs.  circumference  for  cylinders  of  constant 
height   I  ' 

-encourage  your  students  to  conduct  original  investigations  of 
other,  slMllar^  correlations^-  there  are  many! 

Estimation  Problen^  (Based  on  ESI*s  "Particles  and  Peas" 

and  the  techniques  developed  therein;  your  students  will 

grasp  these  techniques  quickly  if  they  have  worked  on  the  unit,) 

■ 

-estimate  the  number  of: 
beans  in  a  jar;  . 
\  bricks  in  a  wall; 

hairs  on  someone's  head; 
'  people  in  ^  crowd; 
kernels  on  an  ear  of  com; 
etc. 

.  -est^^te  thp  weight  of:  .  ,  , 

a  grain  of  rice ; 
a  grain  of  sand; 
a  grain  of  salt  ' 


f  » 


-estimate  the  pressure  of :  ^ 
<     •      your  fcjot  on  the  groun4^  ^  •  .  • 

an  elephant's  foot  on  the  ground;  . 
a  knife  edge  on  something  you  are  cutting; 
a  pencil  point  you  are  using  on  a  sheet  of  p&per,  etc. 

♦J         *     /  .  ^ 

Additional  Sealing  Problems;    These  problems  are  most  sim^<lar  to  th^e  f aced  ^by  • 

 —  - 

Gulliver  and  his  hosts  and  will  provide  interesting  challenges'^ 

if        '  .  » 

for  your  students,  particularly  if  they  verify  their  estimates 

by  conp true ting jsome  of  the  objects  listed  among  the  following 
suggestions: 

1.  What  are  the  diiMnflipns  of  the  smallest  useful; 
ruler;  blackboard  eraser;  pencil  eraser;  soup- 
spoon; knife;  thumbtack;  btrakend,  etc.  » 

2.  What  are  the  dimensions  of  the  largest  useful:^ 
ruler;  blackboard  eraser;  pencil,  eraser,  etc. 

\  - 
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EarXe  Loaon 


Very  often  it  Is  desirable  to  measure  the  height  of  some  large 
structure  (tree,  building,  hlll..B747,  etc.)  for  \Ai±c)x  it  is  difficult  or 
iapossible  to  use  a  direct  measures^nt  such  as  dropping  a  t^e  •measure  from  , 
the^^p  to  the  ground.    Various  methods  of  "triangulation"  are  usually  em- 
ployed  In  such  cases.    School  children  can  discover  how  to  apply  such  methods 
through  measurement  of  a^^tles  of  paper  or  blackboard  sls^  "triangles  and 
find  ways  to  obtain  a§,  adequate  sighj^lng  angle  measures^nt  on  a  tall,  dis- 
tant  object.  •  ^  . 

We  shall  concentrate  first  on  a. dimple  approach  for  the  frequent 
case  (such  as  n^st  buildings  or  trees)  in  which:    1.)  the  tall  object  rises 
nearly  vertically  from  the  ground,  2.)  a  nearly  level  approach  to  the  base 
of  the  object  is  available  and  3.)  the  level  approach  is  at  least  as  long  as 
the  object  is  tall.    Th^s^wlll  then  be  imniified  to^  allow  ^or  a  shorter  . 
approach.    Finally,  we  will  discuss  techniques  when  the  siopllficfl^ons  dtw  to 
verticality  and  clear  level  approaches  are  not  possible.    Discovery  and 
neasureaent  techniques  may  progress  laore  naturally  if  the  students^  first  have 
experience  %dth  the  simpler  cases.  . 

MeasutinR  the  Heli^ht  of  a  Tall  Building  with  an  Open  LeveL  Approach 


0 
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A  student  holds  one  ana  horizontal  (of  an  instrument  he  designed 
andXbuiltr  himself)*  and  points  the  othfer  end  at  the  top  of  the  buildi^xg-.  The 
horl8o"ntal  arm  is  also  pointed  at  the  building  at  a  place  which*l.s  about  the 
same  height  as ^ the  instrument  is  held.    He  may  have  a  level  fixed  on  the 
horizontal,  ana  if  he  wants  more  accuracj^or  if  there  is  a  slope  to  the 
ground).    To  point  the  upper  arm  a^cur^tely  he  may  have  *put  sighting  notches 

on  it.    He  iooves  towards  or  away  from  the  building  until  he  finds  that  the 

C 

sighting  ana  is  a  4S^  (or  one-eighth  of  a  full  circle)  to  the  horizontal 
arm.    /The  45°  ^gle  is  marked  on  a  piece  of  cardboard  or  wood  attached  to  the 
horizontal  arm.    It  can  be  found  by  dividing  a  right  angle  in  two  by  compass 
construction,  or  by  using  a  protractor.    The  student  then  measures  the  dis- 
tance from  that  point  to  the  base  of  the  building.    After  so^  investigation 
of ri^ht  triangles  he  will  be  able  ^o  conclude  that  that  same  distance  is  the 
height  of  the  building.  *  v  , 

How  does  the  student  learn  that  a  triangle  with  one  right  angle  (be- 
tween  building  and  ground)  mid  one  45°  angle  (between  ground  and  sighting 
line)  is  Isosceles?    He  may  have  already  learned  thls^^^Jrom  i^aper  and  pencil 
or  geo-board  activities.    On  the  other  hand  he  may  have  found  it  ox^  in  re- ^ 

0 

sponae  to  the  challenge  to  measure,  the  height  of  a  building  or  tree.  He 
draws  a  vertical  line  on  a  blackboard  to  represent  the  building.    He  then 
asks  what  will  be  the  angle  between  his  line  of  sight  and  a  horizontal  line 
at  a  point  the  same  distance  the  building  as  its  height.    He  draws  the 

horizontal  distance,  and  then  measures  the  angle  (with  a  protractor,  or  tries" 
a  series  of  30°,  45°,  60°  angles  previously  madev^  see  which  one  fits). 

•    .  ^  9 

*See  page  6 'for  one 'possible  design. 
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He  finds  about  45°.    He  then  tries  a  "building"  of  a  different  height  and 
gets  approxlmaxely  the  sac^  result.    After  several  trials  he  may  decide  it 
will  be  the  same  for  a  very  large  triangle,  even  if  he  cto't  test  the 
, vertical  side.    J[ust  in  case,  a  test  can  be  arranged  by  dropping  a  long 


rope  from  a  roof.    Or  the  height  of  oMe  story  could  be  measured,  and  the 
number  of  stor^le|^  counted.    Sometimes  a  student  in  drawing  all  these  tri- 
angles may  Stumble  upon  a  simple  proof:    such  as  by  constructing  another 
vertic^  and  horizontal  side  to  complete  a  square,    Tlie  symmetry  indicates 


sighting  line 


:  building 


ground 

that  the  sighting  line  must  bisect  the  .right  angle. 

Measuring  th^  Height  When  Retreat  from  the  Building  is  Limited  ^  ^ 

What  if  there  is  not  sufficient  level  space?    The  student  finds  for 

.example  that  he  can  only  back  up  to  wheS^he  sighting. line  is  60°  from  the 

horizontal.*    fhe  following  are  two  ways  for  a  student  to  solve  this  problem. 
A.    He  can  draw  the  base  line  to  scale  and  use  the  measured 

"sighting"  angle  to  construct  a  triangle  as  follows: 


sighting 
^gle 


bulldii\g  height  to  scale 


base  line  to  scale 


*It  should  be  noted  that;  accuracy  -of  the  horizontal  and  the  angle  becomfe  more 
important  at  a  close  approach, 

3;o 
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By  constructing  a  vertical  line  at  the  end  of  the  base,  he  then  jTas  the  ^  * 
height  to  the  sajne  scale,         can  n^asure  the  length  of  the  line  and^alr' 
culate  the  actual  height  of  the  building** 

/ 

He  ca^i  draw  a  right  angled  triangle  with  a  60^  angle  and  find 
the  ratio  of  the  "building"  side  to  the  "ground"  side,     (If  he  has  chosen 
'the  "ground"  side  to  be  a  few  units  on  his  ruler,  he  need  only  cfivlde  by  a 
one  digit  number.) 


Any  right  triangle 
with  the  measured 
sighting  angle  as 
one  angle » 


60 

sighting 
angle  " 


building  side 


Any  convenient  length 
'ground  side 
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bjulldln&.fflde  _  buildlag..he4^t 
ground  side       "    ground  distance 


X 


The  ratio  is  not  1,  as  It  was  for  the  45°  case^  but  about  1,7  (1  3/4).  Will 
it  sta/  the  same  ratio,  as  it  did  for  all  45°  bright  triangles?    He  chelcks 
with  several  sizes  and  always  gets  the  san»  ratio.    He  decides  that  ""the 
building  is  about  1.7  (1  3/4)  times  taller  th4*n  t^fie  level  distance  f rom  ^ 
his  sighting  point  to  base  of  the  building.  ; 

After  a  tiffle  a  student  will  decide  that  ratios  of  sides  of  right  \ 
angled  triangles  remain  constant  if  another  angle  In  the  triangle  is  fixed. 


Then  he  will  simply  measure  the  sighting  an^le  flfem  any  convenient  point  and 
measure  the  distance  from  that  point  to  the  base  of  the  building.    He  will  J 

a.  draw  a  small  right  triangle  with-  the  same  base  angle  as  measured,  - 

b.  calculate  the"  ratio  of  sides  me  attired  on  the  ^mall  tri^tigle. 


/ 

f 
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c,^'^ calculate  the  building  heights 


Measuring.  Height  when  the  Point  Under  the  Height  CanriGt  be  Reached^ 

#Wlth  that  experience  a  student  may  discover  what  to  do  when  ha 

f  ... 

cannot  n^apure  to^  a  point  directly  below  the  height  to  be^ measured.  This 

happens  fM!;#4^tance  when  measuring  the  height  of  a  hill,  or  ^  tree  across 
^    -«  ''  ♦ 

a  pond«    Be  may  decide  to  take  two  angle  sightings,  one  from  a  close  approac 
distance  (as  close  as  they  can  get  on  fairly  level  ground)  and  one  from  a 
good  distance.*  The  distance  between  the  two  sightings  is  measured.    He  then 
draws  th^s  base  line  to  scale,  and  us'ing  both  angles  constructs  a  triangle. 


far  sighting 
angle 


<   base  to  scaljB 


close  sighting  angle 


Dropping  a  verticl^  from  the  tip,  he  then  has  the  height  to  the  same  scale* 
He  can  measure  the  length  of  the  line  and  calculate  the  actual  height. 


*As  in  the  previous  section?  the  i^asurement,  from  a  close  approach  requires 
tttore  accuracy.    Itt-^addition  in  this  case  the  answer  depends  strongly  on  the 
difference  between  the  two  ""ircasured  angles.    Hence  it  Is  important  that  the 
horizontal  base. line  be  very  nearly  the  same  in  both  cases,    A  leve}  fixed 
to  the  horizontal  arm  may  be  necessary,  unless  a  very  flat  stretch  pf  ground 
is  available.  ^ 


'  This  iu  one  possible  design  for  an  angle  finder. 


You  sight  along  the  top  of  the  artn  but  read  th^^angle  along  the 

\ 

bottom  of  'the  arm.  This  difference  is  not  impprtant  if  the  build- 
Ing  or  tree  is  tall. 


(This  paper  replaces  the  old  paper  H3 
Redtmdancy  and^lstrlbution  in  Measurement.) 

DETERMINIliG  THE  BEST  INSTRUMENT  TO  USE  FOR  A  CERTAIN  MEASUREMENT  . 

■*  • " 

by  USMEd  Staff 


In  many  classes  chlld^^  decide  to  use*  certain  measut'lng  Instruments 

(rulers,  yardi^ticks,  tape  measthres,  string)  In  an^  arbitrary  ihanner  according 

to  what  Is  available.    However »  the  accuracy  of  each  instr\ment  and  each  sug- 

ge'sted  |^rQcedure~(^an  be  de^^ro^ned  by  collecting  and^ analyzUng  data  froQ 

*  J-  •  ^  .  ^  ^ 

repeated  seafburements .    The  decision  as  to  whidh  tool  should  be  used  can  then  be 

baa^^  on  the  analysis  of  cdata  rather  than  on  a  hapEazard  chbice. 

The  teacher  nay  first  suggest  that  a  nuxnber  of  independent  measurements 
be  made  using  the  same  instrument^either  by  dif f^^t  children  or  by  the  same 
child  several  different  times.    The  results  of  these  various  oieasurements  of, 
the  sai&e  quantity  can' then^be  compt^red.    First  graders,  fo|>example»  may  find 
out  that  most>«ieasureaent:s  of  the  :di8tance  across  a  room  that  are  made  by  \ 
placing  pntr^'Mot  In  front  of  the  other  will  disagree  by  eight  or  ten  "feet»" 
The  childr^^y  then  attempt  to  discover  methods  of  i^asureii^nt  which  isre 
«ore  precis^^or  example,  b^  using  a  uniform  ruler  or  a  lengtl/of  string  or 
by  carefully  making  pencil  marks  on  the  floor  before  moving  a  yardstick. 

Ev^n  after  making  more  careful  measurementSi  the  children  will  see  that, 
in  general,  measureronts  produce  distributions  rather  than  exact  results >  The 
range  of  measurements  they  obtain  from.  repea^RTltteasurements  with  an'  instrument 
is  a  good  indication  either  of  the  inherent  accuracy  of  that  instrument  or  of 
their  method  of  usiifg  it.      in  addition^  by  comparing  the  ranges,  of  measureiMnts 
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/ 


obtained  by  using  dif ferentNii^8trujnentS.  they  can  find  the  one  whibh  gives  the 
best  accwfacy  (i.e.,  the  smallest  range). 

The  following  histograms  show  the  results  of  measuring  the. width  of  a 
room  tw^ty  times  with  each  of  three  tools— a  ruler,  a  yardstick,  and  a  ten- 
^ot  steel  tape  measure.    Since  it  was  decided  that  it  was  desirable  to  have 
a  rug  aome  to  within  oife-quarter  inch  of  the  wall,  the  measurements  are  grouped 
in  columns  represent'ing  one-half  inch  differences. 
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As  shown  in  the  preceding  histograms,  the  ranges, of  measurement s  for  the 
different  tools  are  as  follows:  ^  ' 

tool  range   -  ^ 

ruler  7-1/2" 
.     «  yardstick  v  • 

^  tape  measure  S-l/y' 

The  childrea  may  see  that  the  range  of  measuranents  would  be  greater  if  an 

error,  was  made  in  counting  the  number  of  times  a  tool  was  moved.    In  discus- 

sing  the  need  either  for  femeasurlng  or  for  ignoring  some  measurements,  they  may 

decide  that  it  takes  leas  time  to  ignore  certain  measurements  than  to  remeasure. 

A  good  way  to    accoffipllsh  this  is  to  calculate  a  range  that  is  narrower  t:4ian 

the, full  range;  one  possible  trimmed  range  that  could  be  found  is  the  range 

ej^ompassing  the  middle  80%  of  the  data.    To  find  this  range,  ten  per  cent 

'of  the  measurements  at^ch  end  of  the  histogram  are  crossed  of|.    For  example, 

in  the  above  histograms,  which  shaw  twenty  measurements,  the  two  largest  and 

two  smallest  would  be  cancelled.     (The  children  could  decide  whether  this  is 

a  reasonable  number  of  measurements  to  discount.)    The  80%  ranges  from  measure- 

ments  taken  with  the  ruler,  yardstick,  and  tape  measure  are  as  follows:* 

tool"  80%  range  "  .  ■ 

ruler  5"  i^. 

yardstick     /  .    2"  •  . 

■^•.^   tapemeasure  2" 

We  can  decide  by  looking  at  these  measurements  that  the  best  accuracy  Is  ob- 
tained by  using  either  a  yardstick  or  a  long  tape  measure.  (Measurements  of 
much  longer  or  much  shorter  distances  may  show  that  other  tools  are  more 

accurate) .     .  1,      '  *  •  * 

The  children  can  compare  tools  fdr  convenience  in  measuring  as  well  ^s  for 
accuracy.    On^*example  is  that  a  trundle  wheel  is  b^ter  to  use  than  a  yard- 
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stick  when  meaQurlng  the  wijith  of  a  busy  street.    Another  example  is  that 
one  person  can  easily  use  a  yardstick,  but  it  is  qufte  difficult  for  one  person 
to  manage  a  ten-foot  steal  rule,*    If  two  people  can  work  togetlier  on  each 
measurement,  it  would  probably  be  quicker  to  use  a  ten-foot  steel  rule;  if 
each  measurement  has  to  be  made  by  one  person,  the  yardstick  would  be  the 
better,  instrument  to  use.     V  ^  • 

*■  *  •  •  *     •  .         •  -  ^ 

-'TKe  children  may  discuss  when  a  measurement  is  likely  to  be  accurate 

^    '  ..  ■  ^  * 

enough  for  a  particular  pugcpose.    For  example,  if  the  purpose  is  to  place 
tables  in  four  rows  in  a  lunchroom,  then  kneeing  the  length  of  the  room 
to  within  three  of  four  ^ches  should  be  suf ficent,     (Since  there  are  likely 
to  be  three  aisles  between  the  rows  of  tables,  an  inch or  le#s  for 
e^^  of  the  aisles  will  make  little  difference.)    However,  if  an  object  such 
as  a  trash  can  is  to  be  f^t  into  a  small  space,  a' difference  of  1/4  inch 
may « be:  important. 


*The  ras^ge  for  t^e  tan-foot  rule  shown  in  the  data  would  probably  have 
been  less' if  two  people  had  worked  together  to  make  each  measurement. 


,  ■  USIVIES 
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MEASURING  THE  SPEED  OF  CARS 
by  •  * 

Earle  L.  liomon 


In  either  of  the    Pedestrian  Crossings  or  Traffic  Flow  units  the  children 
often  decide  to  measure  the  speed  of  cars.  Ther^  are  two  basic  approaches  to 

I       .  .  • 

such  a  laeasuresient: 

1.  Measfurlng  the  tltae  th^  vehicle  takes  to  cover  a  pre-set  distance. 

2.  Measuring  the  distance  it  covers  dxwring  a  pre^-set  time  period. 

Pxe-set  DistancSe  Method 


One  advantage  to  chooaln^^the  strip  of  roadway  in  advance  is  that 
the  maximiin  Visibility  distance  from  the  pedestrian  crossijag  point  or  . 
intersection  may  be  selected.  The  time  taken  by  the  fastdr  cars  to  cover 
thiW  dlgtanoe  Is  the  "safe"  tiiae  one  has  to  c^oss  the  road  if  no  car  is 
in  sig^t  when  starting  across.  For  safety  that  time  sh^ld  be  longer  than 
the  time  it  usually  takes  to  cross  the  road.  Thus  the  n^asurement  of  the 
time  taken  for  a  car  to  cover,  the  sight  distance  is  a  valuable  piece  of 
information  by  itself,  even  if  it  is  not  used  to  determine  speed. 

Another  advantage  is  that  the  time  can  be  accurately  measured  by  two, 
or  less  accurately  by  ope,  observer.  At  one  end  of  the  fixed  distance  a 
student  can  raise  his  hand  ^  a  flag  as  the  vehicle  crosses  a  mafked  line. 
The  student  at  the  other  end  will  start  a  stopwatch  at  the  instant  of  the 
signal,  and  will  stop  the  stopwatch  as  the  vehicle  crosses  a  line  at  his 
positi^on.  As  the  distance  is  relatively  long,  the  time  is  also,  with  the 
stopping  and  starting  errors  small  in  proportion. 

-    The  sight  distance  can  be  toeasured  several  times,  the  aocuracy  of  „ 
different  instruments  compared,  and  the  median  found  of  the  most  valid 
measurements.  *  \ 


How  long  an  interval  does  the  stopwatch  have  to  measure?  If  the  car 

* 

is  going  30  m.p.h,  (that  is  44  ft/sec.  )  across  300  ft.   (a  football  field 
length),  it  will  take  300/44  seconds  lor  6.8  seconds  to  transit.  With 
practice  the  children  should  be  able  to  start 'or  stop  a  watch  witlSir 
about  1/2  secdnd  of  a  signal.  The  error  will  probably  be  in  the  saiae  direction 
>     '    at  both  ends.  80  that  the  total  error  isl^el^Mto  be  less  than  0.5  seconds, 
or  7%  of  the^tal  tine  of  6.8  seconds.  This  iij  turn  could  lead  feo  about 
7%  error  in  the  speed,  that  is  to  an  error  of  about  f*3  ft/sec.  or  +  2'  m.p.h. 
with  a  30  o^p.h.  speed.That  is  quite  tolerable  for  practical  purposes.  }Sj 

What  are  the.  disadvantages  <i£  this  approach?  The  n»8t  usi^l  is  that 
many  of  the  children  doing  the  unit  can  not  divide  well.  The' activity  could 
be  used  as  motivation  to  learn  to  divide* »  but  in  some  cases  the  children 
may  not  be  ready  to  learn  more  than  division  by  singU  digit  numbers.  In 
this  method  one  must  divide  whatever  time  cooes  up,  maybe  6-1/2  seconds, 
into  the  fixed  distance. 

Anothar  disadvantage  is  th^t  it  do'S^^'^  allow  for  any  change  in 
V/  speed  by  the  v'ehic^/ The  car  may  be  going  40  m.p.h.  coming  over  the  hill, 

but  then  reduce  itSff- speed  to  25  m.p.h.  on  approaching  the  intersection. 
The  above  method  only  gives  €he  average  speed  for  that  case.  The  obiBrviar  . 
would  not  know  the  car's  apfed  in  the  critical  region  near  the  intersection. 

g>re-Set  Time  Method 
When  the  Measurement  to  be  made  is  the  distance  a  car  travels  in  a 
*  certain  time  period  the  stopwatch  /andler  can  stand  near  the  starting 

« 

line  and  start  his  instrument  as  the  vehicle  crosses.  Then  a  fixed  time 

 ■  \  ■ 

*  60  m.p.h.  -  tfgx5280  ft/sec.  ^  88  ft/sec.  or  1  m.p.h.  -  88  ft/sec.  -  1.5  ft/sec 

10x60  %  a  ^° 

*  The  children  could  start  with  the  triangle  graph  technique  described  in 
"Geometric  Cwaparison  of  Ratio".  This  would  give^  them  the  relative  speed  of  cars, 
the  median  car.  etc.  By  comparing  on  the  same  graph  speed  triangles  with  the 
trltogles  of  simple  fractions,  they  could  get  approximate  speeds. 
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later  he  will  signal  observers  (EhSw^fche  road  to  observe  the  position  > 
of  the  car.  If  the  tiii»  is  fixed  to  be  10  seconds  then  dividing  tc^^ind  ^ 
the  Upeed  will  be  particularly  easy.  However,  thi6  may^^ft^spond  to  a 
rather  long  distance  for  signalling  under-  some  conditions  (440  ft.  at  30 
in.p..h.).  Also,  unless  on  the  highway,  a  car  would  tend  to  change  its  speed 
over  such  distances.  Perhaps  five  seconds  could  boused.  If  dividing  by 
five  is  not  easy  for  those  students  it  would  be  an  opportunity  to  distuss 
the  relation  between  dividing  by  five  or  instead  dividing  by  ten  and  then 
multiplying  by  two.. 

The  observation  of  where  the  car  is  after  the  fixed  time  may  require 
more  than  one  person  near  the  end  of  .the  meaSures^^rfit  zone,  but  is  otherwise 
simple.  A  series  of  chalk  marks,  stones,  or  posts  can  be  put  along  the  curb 
or  roadside.^ They  can  be  placed/for  example,  at  6  foot  intervals  in  the  region 

where  the  car  is  likely  to  be /then  enough  obaarvers  are  needed  so  that  all 

/      -  '  '    '  ' 

the  markers  can  be  seen  by  ait  least  one  of  them.  JJhen  the  stopwatch  keeper  - 

!'  ■   ■  /• 

signals,  the  observer  nearest  the  vehicle  notes  which  marker  the  vehicle  is 

/         ■  ■         ■  •  » 

at.*  •      _  ' 

^  * 

If  the  cars  are  travelling  between  20  m.p.h.  and  40  m.p.h.  (that  is 

c  .  ■     1         .  ■   -  ... 

29  ft/sec/  to  59  ft/sec.)  then  after  ^  seconds  their  positions  will  be  spread 
between  145  feet  and  295  feet  from  the  starting  point.  TlffTHnterval  of  150 
feet  could  be  covered  by  26  markers.  The  inqjortant  thing  is  that  for  suffi- 
cient accuracy  the  children  need  only  note  the  nearest  marker,  sp  that  they 
do  not  have  to  be  very  close.  Perhaps  three  observers  could  watch  closely 
enough.  Perhaps  1&  markers  placed  10  feet  apart  would  suffice. 


.   *  The  children  may  think  of  a  way  to  use  the  marble  chute  counter  to 
help  th^m  in  taheir  quick  appraisal  of  a  car's  location  at  the  end  of  the 
time  pe/i'od.  The  marble  couid  be  started  on  signal,  ringing  a  bell  when  ^ 
the  time  period  is  over,  or  a  inore  sophisticated  system  could  be  worked  oyt. 


r 


) 
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llore  accurate  placeasent  .of  the  final  position  of  the  car  is 

unnecessary  because  an  error  of  5  feet  out  of  J45  feet  is-  only  a  3% 

^or.  With  tl»e  measurements  they  are  likely  to  have  errors  of  about 

0.5  seconds  out  of  5  secdndS,  a  10%  timing  error.  A  total  error  of  even 

15  %  (20  feet  out  of  150  feet)  with  a  car  going  40  m.p.h.  is  +  '6  m,p.h.  , 

just  about  within  tolerable  limits.  A  15X  difference  will  be  just  sufficient 

\oT  their  purpose  of  knowing  whether  the  car  Is  speeding  badly  and  if 

^.  ■  ■  •  .•  ^ 

there  is  a^  safe  time  to  cross  (15«  of  a  7  sec,  crossing  is  about  1  sec). 

Of  courie  ^f  a  car  does  not  «!ach  the  markers,  they  will  know  it  is 
going  unusually  slowly.  If  it  goek  by,  all  thi  markers  they  will  know  it  ^ 
is  Speeding.  In  either  case  they  can  make  some  estimate  of  hoy  far  it  has  •  ^ 

gone,  perhaps  by  noting  landmarks,  or  putting  up  extra  markers  at  50 
intervals.       "  f 


r 
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ELECTRIC  TRUNDLE  WHEEL 
Charles  Donahoe 

Sinco  I  needed  a  trundle  wheel  aade  for  a  measuring  test  at  EDC,  I 
asked  five  boys  If  they  would  like  to  und^take  such  a  project.    They  «ald 
yea  and  we  started  In  right  away.    I  had  brought  in  a  trundle  wheelUth^ 
was  not  very  well  made  as  an  example  of  what  a  trundle  wheel  Rooked 
like  and. how  it  worked.    My  hope  was  that  they  would  prefer  to  make  a  better 
one  of  their  own  destgnr   One  of  the  boys  got  a  screwdriver,  tightened  a. 
screw,  and  everyone  agreed  it  seemed  to  work  fine.    I  asked  the  group  how 
the  wheel  could  work  so  that  you  would  know  every  \tisae  it  made  a  complete 
turn.    Jim  suggested  stopping  every  so  often  to  check  the  line  on  the  wheel. 
To«y  said,  "I  know,  put  a  light  bulb  on  it  that  lights  "b^)  every  time  it 
makes  a  complete  turn."    The  rest  of  the  group  agreed  this  was  a  really  good 
idea.    We  discussed  ways  that  this  might  be  done  but  did  not  resolve  the 
prpblem.  f, 

^    Two  days  later  when  the* group  again  gathered,  the  boys  decided  to  taake 
another  .wheel  out  of  tri;:^yall.    The  problem  w^s  wha|  size  the  wiiee'l  should 
be  for  maxiskan  effectiveness.    I  suggested  36"  might  be  a  nice  circumference. 

k 

Theodore  said  he  thought  that  was  an  awfully  large  wheel  and  he  wasn't  sure 

the  circle  cutter  would  be  large  enough.     I  asked  if  the  circle  had  to  be  36" 

across.    Everyone  agreed  that  it  would.    I  asked  why  the  trundle  wheel  was 


rolled  across  the  floor.     Skeeter 'answered  it  was  to  measure  the  distance. 
"7s  the  distance  the  aamm  around  as  the  distance  across?"    "No."    *%hich  one 
has  to  be  36"?"  "The  around  distance."    I  suggested  someone  cut  out  circles 
and  see  what  distance  around  they  could  get.    Unfortunately,  everyone  4>ut 
Theodote  had  to  leaWi  He  and  I  decided  to  work  on  this  ourselves  and  we 
played  with  different  size  circles  and  decided  to  us^  the  11" 


size  fot  the  wheel.    Since  the  circle  cutter  was  broken  the  next  day,  the 
boys  decided  to  use  the  saber  saw  and  make  the  wheel  out  of  wood  instead  of  ^ 
Tri-'wall.    They.uged*a  compass,  i^asured  5-1/2",  and  cut  out  their  wheel, 
it^as  k  little  bumpy  but  came  out  rather  well.    Jim  sanded  it  down  to  even 

it  off  more.  .      '    /  V 

p\e  boys  used  the  handle  from  the  old  trundle  wheel  and  drilled  a  hole  ^ 
through  both  the  handle  and  the  wheel.    A  bolt  was  Ipserted  and  the  trundle 
wheel  turned  out  to  bfe  very  wobbly.    We  all  realized  that  the  wheel  would  not 
make  a  very  good  measurement  with  the  erratic  path  yt  was  following.^  Tony 
^d  Theodore  talked  over  the  problem  and  decided  that  another  handle  was 
'  needfd  on  the  wheel.    That  way  there  would  be  support  on  both  side|.  (See 
Fig,  li) 


'They  soon  found  that  two  handles^ m^e  the  trundlewheel  tqo  unwieldy  to 
posh  easily.  Jim  suggested  cutting  6^  handle  in  h^lf*-    Willy  said  this 


Wouldn't  work  because  i t  v?0«ld  just  fall  dowiw— ^ony  suggested  nailing  them 

t 

together  but  when  Theodore  held  fahni  as;  if  nailed,  the  wheel  was  hard  to 
raov^.    tbny  suggested  a  piece  o.f  vood  in  between  the  two.    This  wa^4^ed 
'^Ju>d  it  worked,    ^e  boys  decided  to  cut  it  down  even  further  and  leave  about 
a  5" -or  6"  clearance  between  the  block  and  the  wheej/.     (See  Fig*  2.)  This 
turned  out  to  be  very  important  in  the  making  of  t^  switch,  although  none 
of  us  realized  it  at  the  time. 


woo  O 
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The  next  problem  was  to  follow  up  on  Tony's  suggestion  about  jetting 
a  light  btilb  on  the  trundle  wheel  to  signal  each  complete  turn.    It  took 

a  number  of  class  sessions  and  a  lot  of  hard  thinking  and  trial  of  several 

\ 

arrangemehts  to  arrive  at  the  fin^l  pet up. 

The  boys  kn«w  how  to  make  the  ^e  of  switch  that  has  two  n^tal  parts 
which  are  pushed  together  to  make  a  complete  circuit.    They  assui^  that  t^e 
same  type  of  switch  woxild  work  on  the  trundle  wheel.    Their  first  iJiea  was 
to  use  a  switch  similar  to  the  one  on  the  door  alarm.     (Two  metal  stMps  » 
forced  together  by  the  pressure  of  a  Joot))    Theo^dcc^  taped  the^wo  mei^al 
pieces  to  the  wheel  in  this  f|ig|^on* 


The  wheel  worked  well  with  the  switch  attached.    Just  one  problem  -  How 
ean  the  wires  be  attached?    The  support  on  one  side  of  the  wheel  and  the 
handle  on  bhe  other  si^e  made  it  impossible  to  attach  the  battery. and  bulb^ 
to  the  whael.    Jim  suggested tett aching  the  battery  and  bulb,  on  the  handle  ^ 
above  the  wheel.    Fae  -and  Skeeter  tried  to  explain  how  thla  would  work.  I 
asked  them  what  Would  happen  to  the  wire.    They  thought  aboi^t-  this  and  then 
realized  the,  wire  would  go  around  with  the  wheel.    I  asked  them  if  thete 
was  a  place  the  wire  could  go  thrbugh  so  It  would  not  go  around.  They 
realized  the  >center  of  the  wheel  was  bhe  only  spot.  They  d.cided  to  try  this 
and  pushed  the  wire  through  the  hole  in  the  handle  and  the  ^Aeel  caster  and 
cpnnected  it  to  Theodore's  switch.    When  this  arrangement  was  tested,  the 
wire  kept  getting  tangled  on  the  bolt  or  pjalling  enough  on  the  side  of  the 
hole  so  it  disconnected  from  th^  switch- 


0 


r  ■ 

The  boys  worked  An  this  problem  a  long  time]    At  first  every  new.  idea 

involved  rimn^g  a  wii  on  the  wheel.    One  idea  of  this  type  came  very  close 

to  the  final  switch.  I.e.  the  suggestion  of  hanging  a  piece  of  tin'' from  the 

wood  block  and  having  it  touch  a  ,piece  of  metal  on  the  wheel.    Everyone  aaw  , 

^ 

this  wouldn't  work  for  the  same  reason  the  other  arjangements  hadn't  worked. 
The  boys  wer6  about  ready  to  give       and  there  was  some  ^alk  aboiit  the  problem 
being  impossible  to  solve.  , 

#  • 

I  asl|^  them  tt  try  to  think  of  some  sort  of  switch  that  didn't  require 
putting  any  wires  on  the  wheel.    They  aWtted  they  hadn't  thought  of  this 
but  really  wouldn't  8e%how  such  a  thing  could  work.    Tony  suggested  that  a 
flat  piece  of  metal  could  be  placed  on  the*wheel  instead  of  a  switch.  The 
next  step  seemed  quite  obvious  to  me  -  but  not  to  the  boys.    I  thought  a  little 

more  help  was  needed",    I  drew  the  familiar  switch  on  the  board.     ,  ''^^^ 

I  asked  fhe  boys  what  other  switches  might  look  like.    "Can  there  be  more  than 

two  pieces  to  a  switch?**    Jim  suggested  four.   ^^^^^ — ^   X, 

I  asked  how  about  three.   -"^—^ ^^"^   ^^^^^  n^*!^^  Without  saying  anything. 

I  drew  the  switch ^.upglde  down.  NC;^  T  No  reittion.  ■ 

Two  or  three  of  the  boys  were  holding  the  trundle  wheel  Mid  trying  to  • 
think  of  somel^ay.    Tony^s  holding  the  two  loose  wires  that'  nfeedel  to  be 
connected  somewhere  and  was  touching  the^  together  making  the  light  go-off  and  on. 
I  didn't  see  what  he  had  ddne  but  all>t  once  n:he  boys  announce^  they  had 
"figured  dto  our:"      Tony  demonstrated  for  ffle.    He  put  Me  wire  on  ea€ti  side  , 
of  the  block  and  slowly  turned  the  wheel  which  still  haHNthe  metal  piece  on 
the  rim.    The  light  came  on.    He  °^  three  times  and  it  worked.  Success. 


\ 


I^^ked  the  boy^^^how^  the  wires  should  be  connected,  suggesting  the  use 
of  something  beside  Itje  bare  wire  hanging  down.    Jim  suggested  using  the  ^ 
same  type  of  material  we  used  on  other  projects  -  tin  can  pieces  and  fahnestock 
clips.    When  this  work  was  completed^  including  the  cutting  of  a  longer  pAice 
of  tin  for  the  wheel,  everyone  watched  as  Tony  made  the  first  run.    The  light 
didn't  go  on.    Depression.  -:  The  connections  were  checked,  the  battery  was 
checked,  and  the  switch  was  tested.    Everything  *^e,€aaed 'all  right.    When  the  strips  , 
wex^  in  contact  with  the  metal  strip  on  tl^(e;3Bat4sule8S  wheel,  the  li#it  came  on. 
Theodore  realized  what  was  causing  the  problem*    One  battery  did  not  pso»4de 
enough  power.    Two  batteries  were  ^t  on  instead  of  one  and  the  light  worked. 
Later  we  added  two  more  batteries  tf9make>the  light  brighter  and  to  make  sure  ^ 
a  contact^wad  made  on  each  revolutioq  of  the  irodel.    The  f in^l^  design  is  dhown 
in  Figs,  3  and  4» 
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Often  the  prospect  of  produciog  test  results  which  m^^ht  effect  some 

•  •  -^S?'  '    •        •  ' 

change  in  cSiMumer  buying  or  ^manufacturer  inarketting  beihavior  is  very  ex- 

,  \     -  ■  '  ^ 

citing  to  a  cWLld.    If  he  realizes  that  these  test  results  need  to  be 

accurate  and  valid  to  induce  this  change,  it  is  likely  that  he  will  try 

to  refine  as  much  as  possible  the  quality  of  his  quantitative  experimenta-  . 

t)iSn^d  data  analysis  techniques.    In  particular,  he  might  seek  to  Improve: 

1.  his  selection  of  important  characteristic^  fo  test, 

2.  his  design  o|  test  apparatus,         .  , 

♦   3.    his  awareness  and  Subsequent .  con  two  1  of  impos|tai^t  variables, 

4.    his  understanding  of  the  need  to  take  repeat^  measures  and  of 
the  signi^icaace  of  the  error  range  in  each  measurement. 

In  discussing  prospecAve  test  products, ^the  children  might  c«n8i4er 
who  uses  each  product.    Is  it  Important  for  use  in  the' Design  Lab?  Do  <^ 
parents  use  it?    Do  kids?    Two  or  three  products  whict  the  children  be- 
lieve should  b|?,  tested  might  be  singled  out  for  further  study.    The  class 
might  then  break  into  snmll  groups  each  of  which  is  "responsible^or  per»- 
forming  one  test  on  the  different  brands  of  a  prpd^t^.  .^^^ua^ion^.pr^ 
test  results,  methods  of  test^  and  analiWs^  j^^h? need^  for  new  tests 


or  retesting  might  be  carrl^d^^^^p^^^fcislfiaoduct  groups  or  with  the 

i^ole  class.  ..^ 

With  ro^pei^l^  each  product,  they  should  thoroughly  discuss  thp  foliojj-  , 

at  the  xodat  isoportant  properties  for  the  .    *  . 

tr^^        this  product?  ' 


b)    Have  we  noted  the  prices?    Do  we  want  to  kpow  the"  price 
per  length,  ounces,  sheet,  tube,  etc.?    Ot  ^o  we  need  to 
find  out  how  much  is  needed  for  a  particular  purpose, (some 
glues  .may  absorb  more  easily  for  ^.nstimce,  or  spread  thicker) 
^aad  calculate  the  price  per  use?  *  , 

\)    For  each  important  property  of  the  product  have -we*  tested 
in  a  way  which  allows  a  quantitative  con^arison?    Have  we 
tested  accurately  enough?    Has  more  than  one  group  checked 
each  measuren«nt?    If  we  do  the  test  several  t^mes,  what  do 
the  results  tell  us  about  our -accuracy.    Is  finding  the  mean 
'     the  only  way  to  use  a  set  of  measurwaents  of  the- same  thing 
which  differ  a- little  bit  from  each  other? 

I  list  here  as  examples  some  of  the  important  propetrties  -and  possible 
tests  that  may  be  done  for  some  representative  products. 

a 

Glue  (important  for  Design  Lab'  use)  : 


Inpfortant  properties  ares  .  ^ 

f         .       "  '  ' . 

1.  the  cost  per  job, 

2.  the  strength  |or  holding  together  a  few  often-used  ^terials, 

3.  the  drying  ti«ie,  '  \ 

4.  thfe  effect  of  uwisture,  x  ] 

5.  '  whether  it  dries  traiisparant ,  light,  or  dark  colored. 

For  testing  they  may'stick  together  specified  areas  of  wood,  tri-wall, 
etc.    They^could  hang  weights  frpm  one  piece  until  it  breaks  at  the  glUe, 
or  the  materials  breaks.    Having  allowed  more  than  enough  time  for  drying 
the  first  time,!  they  may  tl|^en  make  a  series  of  samples  and  test  them  at 
Shorter'  and  shorter  times  wtth  a  weight  that  was  held  wh^n  thoroughly  dj^. 
They  can  try  applying. a  thinner  or  thicker  layer  of  the  aam  glue  to  see 
which  works  best  (and  determine  costs).    ?hey  can  soak  the  dfeLed  sau^les^ 
in  water  for  different  lengths  of  -time,  , 

Paper  Toweling  <5inq>ortant  to  parlpots)  s  .       ,     V  ,  .  ^ 

Having,  decided  on  a  size  piece  to  use  in  teita/ the^f^  Can  Caltuldte. 
cost  per  unit.  They  can  then  see  how  well  that  unit  mops  up  (volume  or 
oil  or  water  soaked  up)  ,  how  well  it  scrubs  on  table  top  or  sli^s (distance 


scr#>bed  before ,  tearing  when  wet  or  dry),  ot  how  soft  it  ±&  tf  ased  an 
napkins.    The 'kids  could  d^ide  if  a  subject>.ve  judgement  is  sufficient 
for  the  laa4:  characteristic^  ^ 


Bubble  Gum  (issportant  to  kids) :  . 

Cost  per  mouthful  and  lasting  pisae  of  flavor  and  size  of  bubbles  may 
be  the  only  characteristics  of  importance.    The  children  may  be  finished 
after  finding  an  average^ value  for  those  three  qaa&tlties.    Price  per 
chewing  time  xaay  Bis  the.  most  meaningful  cost. 

,Ball  Point  Penii  or  Felt  Tip  Pens  (toportdnt  jto/klds)  ; 
Import fimt  properties  are;  ^ 

1.  -cost  for  certain  axnount  of  use, 

2.  writing  perforBiance  -  amount  of  skipping  as  well  as 

effectiveness  on  a  few  often-used  surfaces  and 
abilltry  to  write  at  different  angles, 

3.  rate  at  which  the  point  dries  out. 

'  i  '  ,     '  . 

Before  testing,  bhe  kids  might  discuss  how  long  they  think  a  pen  will 
last*    How  many  minutes  per. day  do.  thej;  use  a  pen  before  the  ink  is  gone? 
In  designing  a  lifetime  ITest  they  can  discuss  whether  it  is  better  to  move 
the  piiper  (perhaps  adding  machine  tape)  or  the  pen.  '  Which  method  would 
allow  the  point  to  ejtert  a' certain  continuous  pressure  on  the  surface? 

Batteries  (important  for  Deiign  .tab) ;  .        •  > 

■    '.     .V    :t''V        1  •         *         -  ■" 
Inqportant  properties  ^^^^^^i^"^ '  *  'z*^'  ' 

;        ^"^^ttiw' of  time 'during  which  the  performance  is  adequate  for 
'.  ■       a  certain  purpose.  .  . 

Before  testing,  the  ki^ds  mi^t  discuss  how  much  a  b«ttefy  is  worth  to 
them  when  it  produces  leas  than  a  maximum  voltage^  (a  less  bri^t  light,  a 
weaker  electromagnet,  etc.)    When  is  a  light  bright  enough  or  a  magnet 
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strong  enou^  for  their  purpose? 
^  The  OtWtiae  at  this  performance  level  cto  be  tea  ted  by  either  using 

squares  of  colored  acetaite  to  measure  bri^tness  of  a  light  or  by  finding 
the  length  of  time  an  electromagnet  will  hold  up  a  specific  length  bf 
steel  rod.  ^  the  kids  prefer  the  rod  test  (which  is  a  more  accurate  in- 
dication h  voltage)  and  have  a  range  of  acceptable  brightness  levels, 
they  can  graph  brightness  vs.  length  of  rod  and  pick  the  rod  length  which 
ia  held  by  die  same  battery  that  jusjt  gives  acceptable  brightness  as  their 
stand«rd  test  for  acceptable  voltage  level.    They  will  also  find  how  bright- 
ness  varies  with  voltage  (rod  len£||h)  . 

^  In  calculating  ■ost  of  rechargeable  ba£te1ries,  the  kids  can  consider 

■         •  ■    ;  ■    "  .    ••  '  ^  .  ' 

,  the  cost  of  the  charger  as  well  as  the  nwsber  of  times  a  battery  can  be 

recharged.  - 

. .      •'        ..  ■  J 

Tape  (iiqtortant  f orJOesign  Lab  use) : 
Important  properties  are: 

'    ^  If  cost  per  job,  » 

■  2.  holding  strength  as  pull  is  applied  at  different  angles, 

"  3.  strength  of  tape, 

>     ,  4.  effect  of  tine,  cold,. heat,  and  moist^iie. 

«  BeforeNesting  the  kids  can  decide  «he  specif ic  purpose  of  the  tape. 

Is  it  to  be  used  to  hang  pictures  on  certain  wall  surfaces?    Is  It  to  be 
used  on  packages?    They  can  determine  which  angle  of  pull  Is  critical Jfor 
"  a  specific  use.    The  holding  strength  can  be  retested  after  the  tape  (in 

its  use)  has  been  subjected  for  different  lengths  of  time  to  cold,  heat, 


Plastic  Wrap  (io^jortant  to  parents) : 
Important  properties  are: 

1.  cost  per  Job,  \ 

2.  retention  of  irolstiir^  i 

3.  clinging  strength,  * 

4.  resistance  to  te«ringf  puncturing,  etc, ,  ^ 

5.  effect  of  time,  cold,  heat,  and  moisture. 

Before  testing,  the  kids  can  decide  specific  purpc^es  of  wrap  -  to 
cover  bovl8?.,.t6  wrap  fruit?  .Pieces  of  fjruit  can  be  weired  before  and 
after:  being  wrapped  for  different  lengths  of  titae  in  different  wraps. 
Weights  can  be  used  to  exert  forte  as  determined  by  the  particular  test. 
e,g#  weigjits  hung  on  wrap  as  it  covers  a  pointed  bottle  top  for  puncture 

Pencils  (important  t^o  kids)  : 
Important ''properties  are: 

1.  cost  for  certain  anK)unt  of  use,  ' 

2.  pei:fbrmance  -  effectiveness  on  different  often-used  writing 
surfaces;  width,  darkness  and  conslstaricy  of  mark;  ease  of 
erasing.  ^ 

Fbr  testing  kids  could  find  number  of  turns  of  pencil  sharpener  neces- 
sary for  a  shfirp  point  and  amount  of  pencil  used/up  in  those  nximber  of  turns 
Performance  can  be  tested  using  same  apparatus  as  designed  for  testing  pejas. 
In  calculating  cost  kids  should  decide  how  short  a  pencil  can  get  before  it 
is  discarded* 
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I.    THE  RAlXN  GMJOE 


*    One  of  the  qldest  and  stoplest  of  the  meteorological  instruments 
Is  the  rain  gauge.    The  weather  man  measures  rainfall  (or  snowfall)  by 
the  depth  of  water  that  would  lie  on  the  ground  if  nonIL  of  it  ran  away 
(or  soaked  into  the  grpund) .  ,  ■ 

The  official  rain  gauge  of  the  U.S.  Weather  Bureau  is  sh<^wn  below. 
It  is.  a  funnel  with  an  8«-inch  diameter  top  with  a  2-inch  high  rim  to 
pr^ent  water  from  splashing  off  the  funnel.    Precipitation  flows  into  a  ^ 
measuring  tube  with  an  area  1/10  that  of  the  funnel  mouth  (This  deans  the 
measuring  tube  has  a  diameter  of  2.53  inches.)-    The. depth  of  the  water  in 
the  tube  is  then  measured.    The  result  Is  divided \>y  10  to  o'btain  the  true 
rainfall'.    Thus ,  -la  inches  of  water  in  the  measuring  tube  equals  one  inch 
of  rain.  '  * 


Rmnel 


Measuring 

Tube 


Figure  1 
laiB  Gauge 


Rather  than  constructing  one  so  elaborate,  the  children  may  simply 
uae'a  coffee'can  to  collect  the  rain '(or  «ftow)  and  a  tall  thiji  Jar  to 
measure  it.    The  jar  is  easily  calibrated  by  putting  1  inch  0|f  water  in 
the  coffee  can  and^pburing  it  into  the  jar.    Mark  the  height  texactly  and 
divide  the  distance  from  the  bottom  to  this  marie  into  10  equal  parts. 
Each  of  these  intermediate  marks  then  represents  1/10  of  an  Inch  of  rainfall, 

"n^rainfall  should  be  seasured  as  soon  as  possible  after  it  stops 
to  avoid  any  loats  di»  ttj- evaporation.    Snowfall  or  slee^t  i^  measured  by 
slowly  melting  it  indoors  and  measuring  the^pth  of  the  melted  water. 
Ten  inches  of  snow  will  melt  into  one  ^^ch  of  water.    This  is  due  to  the 
large  amount  of  air  trapped  in  the  si^bw. 

The  measurements  will  be  mo^  accurate  if  the  gauge  is  about  two 
feet  off  the  ground*  and  aw«y  from  buildings  and  trees  that  might  shield  it. 

Funnels  and  measuring- tubes  of  different  sizes* can  also  be  used; 
ttoweyer.Yhe  funnel  should  have  a  fairly  large  diameter.    A  general  cal- 
ibration which  relates  the  funnel  diaaeter  to  the  measuring  tube  diameter 
can  be  Easily  found.    The  dia^ter  of  the  funnel  la  A,  and  .the  diMieter 
of  theineasuring  tube  is  B.    The  rainfall  is  denoted  by  R.  and  the  height 

'"of  the  water  <n  th^  neasuring  tube  is  denoted  by  H,     (See  Figure'  2.) 

I  * 
\ 


Figure  2 


/ 


r 


The  volume  of  wate 


ter  wh^ch 
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vfould  fall  into  the  funnel  Is  given  by 


the  volume  of  ^  cylinder  whose  heli^t  Is  equal  to  the -rainfall : 

T 


V  -  IT 

However  y  this  Is  the  saxae  as  the  volume  of  the  wateip  in  ^he  ii^asurliig 
^tube»  which  is  given  by 

Slace  the  ^wo  volusoea  ^uat  be  the  samet  we  equate  them  to  find 


froia  which  we  find 


5) 


^  V  H. 


with  this  relati9n  the  gauge  is  cluLlbrated.    |c(r  exaiaple,  suppose  the 
funnel  has  a  dlajaetfcr  of  10  inches  and  the  measuring  tube  hae  a  diameter 
of  2  Inches.    Further ^  suppose  the  measured  depth  of  water  in  the 
njeasurlng  tube  i^  1  inch.    Thd  rait>fall  measurement  is  then 


R 


(2  Inches  \  ^ 
10  Inches f 


1  inch 


which  beccfaee 


and 


R 


2j  Inch 
O.OA  Inch. 


(|>ne  tnay  readily  note  that  the  official  gauge  shown  In  Flg*i|re  1 
would  overflow  if  tlie  rainfall  were  ^ore  than  one'  Inch.    The  U.S.  Weather 
Services  usea  an  automatic  rain  gauge  to  avoid  this  problem.    In  this 


device,  shown  below  irt  Figure  3,  tS^ollecting  ^ns  tip  when  the 
anount^  rain  in*  them  reaches  a  certain  weight.    This  empti^  the  full 
^arraad  brings  an  tmpty  pan  underneath  theMunnel.*  A  device  to  count  the 
—     number  of  tums/f^  attached  to  the  shaft. 


Side  View 


Pivot  Shaft 


Figure  3 


FivAt  Shaft 


Top  View  of  Pans  and  Shaft 


^  Automatic  Raia  6au^4f        '  ^ 

*         Pan  A  collects  water  until  the  weight  Is  &^ov^  to  tip  it  so  that 
pan  B  is  beneath  the  fip^nel  spout  and  begins  to  fill.    A  recording  device 
^  ^^^^u^A  to  the  shaft  and  records  each  emptying  of  a  pan.    This  gauge 
is  generally  designed  so  that  if  the  area  o'f  the  collecting  funnel  is  F, 
/ —  then  1/F  inches  of  rain  will  tip  the  collecting  pan.    Thus,  if  the  funnel 
>^    mouth  is  a  10"X10"  square,  the  area  is  100  square  inches,  andf  eaq^  pan  ^11 
■  tip  and  empty  for  every  0.91  Inches  of  rainfall. 
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II.     RELATIVE  HUMIDITY 


Relative  humidity  Is  the  amount  of  water  vapor  in  the  air  at  a  given 
temperature  compared  to  the  maximum  amount  of  water  vapor  the  air  can  hold 
at  that  tei^perature.     It"  is  "eatp jessed  as  a  percent.    When  the  amount  of 
water  vapor  reaches  the  maximum,  the  relative, humidity  is  100  percent. 


and  we  a  ay  the  air  is  saturated.  The  temperature  at  this  point  is  the 
dear  point  t^emperature.'  If  the  temperature  should  drop  any  lower,  soxm 
vap&r  would  condense  out  of  tJie  air  as  droplets  because  the  air  cannot 
hold  tHer  moisture.    The  lower  the  temperature,  the  moisture  the  air 

can  hold. 

The  condensation  may  occur  as  dew  when  the  temperature  of  the  surface 

drops  below  the  dew  point.    I^,  itiCa^dition,  the  dew  point  is  beipw  freezing, 

ff  ' 

the  condensation  will  occur  as  frost.    This  effect  occurs  outside  on  the 
ground,  as  well  Is  on  window  panes.    The  water  vapor  condenses  directly 
as  tiny  ice  crystals  to  form  frost,  rather  than  condensing  as  water,  first. 
TKgff  the  dew  point  Is  referred  to  as  the  frost  point .    The  cot^nsation 
may  also  pccur  as .fog  In  valleys  and  over  water  after  the  surface  has 

t  * 

'radiated  away  some  of  its  heat.    The  warm  d^p  air  above  the  ground  is 
chilled  below  the  4«r  point  and  condensation  occurs  on  tiny  airborne  ^ 
particles. 

CoAdensatioo  also  occurs  as  clouds  when  warm,  mc^t  air  rises  an4^ 
cools  by  expansion.  The  water  vapor  condenses  on  tiny  particles  in  the 
atmosphere  as  small  water  droplets  to  form  a  cloud.  These  droplets  are 
so  small,  sotte  are  only  .0004  inch  in  diameter,  that  very  light  p.r  move- 
ment holds  ^hem  up,  ' 

J^lative  humidity  can  be  measured  in  two  ways  -  with  a  psychrometer 

or  a  hygrometer.    Both  are  relatively  easy  to  make,  although  the  psychrom- 
\ 

eter  may  be  more  accurate. 

The  psychrometer  consists  of  two  thermometers:    one,- a  regular  dry- 
&ulb  thermometer;  the  other,  a  wet-bulb  themometer.    As  moisture  evaporates 
from  the  wet-bulb  thermometer,  its  temperature  is  lowered  relative  to  the 
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dry-bulb  thermometer.    The  lower  the  humidity,  the  more  water  U^at  can 
evaporate,  and  the  lower  the  wet-bulb  thermometer  will  read.    Using  a  ta^e, 
one  can  then  measure*  the  relative  hnmidity  by  this  temperature  deference 
due  to  th^.coollng  process  of  jC^poration.    In  fact,  psyjftvrometer- means,  ^ 

^  literally^  to  measure  by  coolijig. 

The  p^chrqmeter  shown,  below  in  Figure  4  is  described  on  a  "How  To" 
card.    It  is  made  from  two  ijtexpensive  thermqmeters  and  a  sb^lace  or  a 
short  piece  of  gauze  to  keeV  the  bulb  wet.    If  a  shoelace  is  used,  it 
Should  be  washed  well  and  boiled  to  remove  impurities.    The  thermoaeters 
should  both  tead  th|  s^  temperature  when  dry'   I*  -^^ 
always  remember  that  part  of  the  temperature  difference  is  due  to- this  , 
error  and  not  to  the  humidity. 


Thermometer  (- 


Shoelace 
or  Gauze 


Wet-BcBr  Thermometer 


Water  Jar 


Figure  4 
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To  ^igaure  the  relative  huaidity,  fan  (do  not  blow)  the  wet-bulb 
thermometer  until  It  stops -going  down.    Read  the  two  *  th^ometers  and  find 
the  relative  humidity  from  fable  1^.    For  example,  suppose  t^ie  dry-bulb 
temperature-ds  50*F. ,  and  the  wet-bulb  temperature  is  45*F.    X^e  difference 
is  5"F.    Read  across  the  tof  of  the  table  to  5"F.  and  down  the  side  to  50°F. 

glv0^  by 


The  relative  humidity  as 


the  table  is  67  per'^ti^t^ 


RELATIVE  HUMIDITY  TABLE 


ury       1  u 

thermometer 
reading 

• 

'  7 

Difference  between  dry  bulb  and  wet  bulb  t^rmometers 
in  degrees  Fahrenheit  (  ^F.) 

1    2  3^ 

(4   9,  6 

7  r  9 

10  11  12 

13  14  15 

16  17  18 

19  20' 

5* 
10" 

67*^ay' 

73  46  20 
78-56  34 

I 
13 

15" 
20^ 
25* 

82  64  46 
85  70  55 
87  74  62 

40  25  12 
49  37  25 

13^^"^!^ 

30" 

35**  " 
40** 

89  78  67 
""^1  81  72 
92  83  75 

U  45  36 
63  54  45 
68  60  52 

26  16  5 
36  27  19 
45  37  29 

16  2 
22  15  7 

0 

"  .  45'' 
55" 

93  86  78 

93  87  80 

94  88  82 

71  64  57 
74  S7  61 

76  70  65 

5T  44  38 
55  49  43 
59  54  49 

SI  25  18 
38  32  27 
43  38  33 

12  6 
21  16  10 

28  23  19 

5 

n  9:5 

60* 
65° 
70'' 

94  89  83 

95  90  85 
95  90  86 

78  n  6S 

80  75  70 

81  77  72, 

63  58  53 
66  61  56 
68  64  59 

46  43  -59 
52  4'8  44 
55  51  48 

34  30  26 
39  35  31 
44.  40  36 

t)  ]7  U 
27  24  20 
33,29  25 

9  5 
15  12 
22  19 

"  75'* 

8or 

95  91  86 
<96.-9T  87 

96  92  88 

82  78  74 

83  79  75 

84  81  77 

70  6S'62 

72  68  64 

73  70  66 

58  53  51 
61  57  54 
63  59  57 

47  44  40 
50  47  44 
53  50  47 

37  34  30 
41-38  35 
44  41  38 

27  24 
32^9 
1?53 

90^ 
95' 
100" 

96  92  89 
96  9l89 
96  93  89 

85  8V78 

86  82  79 
86  83  80 

74  71  68 

76  73  69 

77  73  70 

65  61  58 

66  63  61 
68  65  62 

55  52  49 

58  55  52 

59  56  54 

47  44  41 

50  47  44 

51  49  46 

39  3& 
42  39 
44  4J 

^able  1 


0 
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It  is  interesting  to  note  that  the  height  of  the  bottom  of  a  cumulus 
cloud  ^an  be  ejasily  determined  with  the  psyqhrcmeter  and  a  dew  point  chart, 
which  is  sho^ffe^ P^^e.    It  gives  tlje  dew  point  (in  °F.)  for  a  • 
given  diff^reSllSnVet-  and  dry-bulb  thermometer  readings'.     (This  chart 
is,  of  course,  related  to  the  relative  humidity  table  since  relative 
humidity  determines  the  dew  point,)    Thd  following  method  works  only  with 
a  cumulus  cloud  because  a  cumulus-  cloud  U  formed  by  the  cooling  of  water 


'ii-.  -^  vapor  directly  over  the  area  Sfiom  which  the  wfftaa:  evaporated  rather  than 
•    further  away.  -       '      •  t 


J' 


First,  use  th*e  chart  to  determine  the  dew  point.    In  order  , for  a 
cu^lS"'^!^  to  fori,  the  air  must  cool  from  the 'surf ace  tem'perature 
reading  h'  the  dew'' point.    It  is  known  that  the  temperature  of  the  air 
d|:opfl' off  by  .5  1/2.  degrees  F.  for  d^ch'  1000  ffet  of  rise  in  altitude.  ^^Thus, 


one  can  readily  find  out  how  high.  the.  water,  vapof  has  to  rise 


dev.  point  is  reached. 


^^f  ore  'the 


For  example,  suppose  the  air- t^e"J^«*e  ils  91  Agrees  and.  the  dew  , 
point  is  B0,degr-ees  "(relative  humiddty  of  7U) .    The  air  must;  co61  by  il 
•5  degrees  to  reacii  the  dew  poiat^^TThis  will  happen  if  it  rides  >out 
^^,2000  fe«t.  'The  base  of  any  cumulUs' cloud  must  be  about  2000  feet  up. 


4w 


t  J. 


'J5 


;ERic  • 


DEWPOINt  CHART 
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r 
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The  hygrometer*  uses  a  long  hair  to  measure  relative  humidity.  As 
the  moisture  in  the  air  incrfeaaes.  the  hair  absorbs  some  of  it  and  stretches 
very  slightly.    When  the  moisturfc  decreases,  Che  hair  contracts  slightly. 


Hygrometer  means  to    measure  wetness. 

£1^011^ 


One  simple  hygr'oo^ter  Xs  shown  below  In  Figiire  5. 

Screw  ^e 
Support 


-1 


Drop  of  Glue 

LUiobtack 
■  * 

Construction  Paper  Pointer 

figure  5 

Obtain  a  fairly  long  hair  -  18"  should  be  sufficient,  although  a 
Sorter  one  wil/  ceutainly  wor^^   (The. longer  the  hair  the  mote  n^vement  . 
will  be  seen  In  the  ^oiikter.)    Tt*  hair  should  be  washed  in  alchol  to  remove 
the  natural  oil. 

f^^ert  a  9««##ys  into  the  Tji^-Wsin  4any  other  typ.  of  8upt>ort  wUi^serve 
«a  well)  and  tie  one  end  of  the  hair  to  it.    Tie  the  other  end  of  the  . 
hairdo  the  <IHghf.    Put. a  drop  of  glue  near  the  end  of  the  polht^fc  and  glue  W 
lower  end  of  the  hair  to  it.    When  the.glue  is. dry ,' attach  the  pblntei;  to- 
the  sunport  wiA  a  thumbtack,    making  sure  the  .pointer  turns  freely.     Draw  a.^ 

,  .       N  "  S   '  .  '  * 

seale  on  a  white  card  and' glue  it  to  the  support.    The  device ,  can.  then-  be 
jcalibr'a^ed  using  a.psychrometer  or,  anath»Rt-( calibrated)  hygrometer.  , 


ERLC 


*  (This  Instrument  should  not.  be  con|^d  with  -a  hydrombt^r,  ^which  is  an 

Instrimient  ,1^0  mejSstire  the  de|islty^^Jf^l,lquids.    A  service  station  attendant 
~X}ses  a    hydrometjlr  to  determ^/^  the  Irn^unt  of  antifreeze  In.a^r's  radiatt^r^ 
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A  slightly  more  elaborate  -hygrometer  is  shown  below  in  Figure  6, 


pointer 


Hair 


White  card 
with  scale 

Tri-Wali   

Support 

'1. 


3  or  4  turns  of  hair  around, 
the  pin 

Straight  pin 


Nut>  or  washej: 


Figure  6 


on 


.    Fasten  thfi  hair  to  a  nail  driven  into  the  board.     Fasten  a 

■  ■     *  '        '  •  • 

.  lightweight  pRrnter  to  a  straight  pin.    Mount  a  piece  ol  .T^i-Wall 

♦  .        »■  '     '  .  ^ 

'the  Other  end  of  the  bdard.    Push  the  pin- through  the  Tri-WaU  and  make  ^ 

'     .  :  ♦         ,  .  . 

sure  the  pointer  rotate^  easily.-    Tie  a  washer,  nu-t,  or  fish  sinker 

'to.         otheV  end  of  .the  hair  and  wrap  1  or  4  6ums  .of  hair  abound  the  pin.  \ 

Draw  a'scSle  bn'a  white,  card  ^r^d  glue  it  to  the  Tri-Wall.     This  hygrometer 


is  Jihen  cfalikrated"^  using  a  psychrometer  or  other  .(calibrated)  hyfer^mete*. 


HI.     PRECIPITATION  AND  FOt, 

Evaporation,  condensation,  and  preclpitatiqn  are  thef three  >arts  of 
the  atmospheric  water  cycle.    >CondensatiQn  has  been  previcAisiy  mentioned  ' 
in  the  section  on  relative  humidity,  but  the  difference  between  precipita-  , 
tion  and  condensation  is  not  read^  appreciated.\.  The  condensation  process 
consists  of  an  Vcumulation  of  water  molecules  into  tlYiy  dropietd.  Pre- 
cipitat^n,  on  the  other  h^nd.  consists  of  an  accumulation  of  these  tiny 
«  droplet^^nto  larger  drops  (or  clumps  of  ice  crystals)  of  the  size  we  call 
rain  (or  snow).    The  average  cloud  droplet  has  a  ^radius  ot  leas  than 
20^  (microns  -  one  micron  is  O.OpOl  centimeters  or  0.00d034  inches) .  whi' 
the  average-raindrop  has  a  rddius  of  about  1000|J.  nearly  50  times  larger. 
Since  the,  volume  is  proportional  to  the  cube  of  the  radius,  we  can  see 
that  a  raindrop  is  made  up  of  nearly  a  million  droplets.  .      ,  ^  ■ 

\      .  We  have  previously  mentioned  dew  as  a  form  of  condensation  occurring 
when  the  temperature  drops Vbelow  the  dewpoint.    We  have  also  mentioned  ^ 
"hoar  frost  as  another  type,  of  condensatioygUch  occurs  wl*en  the  dl?&point 
is  below  freezJ^ng.*    It  consists^ of  ice  cr^^tials  in^he  foxfk  of  scales'.  -  ^ 
needles,  feathers',  and  fans.    The  water  vapor  freeaes  into  ice  crystals 
without  going  through  a  liguid  foi;^.  a  process  kninm  as  subUmatl>h.  Another 
'type^of  coydensation  Vimilar  to  fi^4  is  rime.  *  Rimfi  consists  of  lay^s  of 
■  ice  ct^ystaVs  and  form^  when  .^the  droplets  of  si^ercoo^  clouds' and, fogs  , 

t'ouch  objectk   "in  high  m(^>untiin8' and -over  polar  ic^d  snow  fields,  rim4 
,  depodlA  may' appreciable,    ^ti  .the^sup^cqoUn^  process  the  cloud  ^    •  ' 

fog^d^oplets,  are  x^ooled  below  the'  5r«e2ing  point  but  tio  ftot'fre^e  intp  . 
'  ic'T'crystaiB*    S^h  a " condition' i»  highly  unstable,  and  when  the  dropliets, 
xouch'  a  .co^d  %4rface.'  they  In8tai4i^ree2e  into-a  ^deposit  of  rW.  ^  , 
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Drizzle 'is  a  Sonn  of  precipitation  consisting  of  a  fine  sprinkle  of 
numerous,  very  smallNunif water  drops  with  a  diameter  of  less- than  0.5 

millimeters  (-500J1-0. 017  Inches).     Because  Che  drops  are  so  small  and 

,  i  '  ) 

light,  'they  seem  to  float  about  and  follow  the  ^r  current^.  .  An  umbrella 

is  virtiially  useless  since  the  drops  dance  about  rather  tjlpn  falling 

vertically.    Drizzle  forms  in  stratus  clouds  not*  far  from  the  ground.  Thfis* 

c:^ouds  must  be  in  a  shallow  layer  (as  clouds  go)  since  the  drops  had  little 

> 

chance  to  collide  with  other  drops  to  form  larger  drops  o*f  rain.  Thus, 
dtlzzle  may, be  described  as  either  an  oversized  fog  or  an  undersized  rain.. 


4 


'  Rain  is  the  precipitation  of  liquid  water  in  drops  larger  than  ii 
a  drizzl'e.     Sometimes  the  krops  may  be  the  saifie  size  as  in  a'^rizzle  but 
hot  jiumerous  enough  to  qualify  as  a' drizzle.    This  gene4:ally  signifies,  ^ 
rain  forming  at  great  height  and  t:hen  falling'  through  a  layer  of  dry  air 
%o  that  some  drops  evaporate  completely  and  other  shrink  on  the  way  down. 
.Sotoetiaes,  rain  is  seen  to  fall  from  a  cloud  and  evap<|rate  befolre  it 
Strikes  the  ground.  \ 

V 

Snow  is  the  precipitation  of  solid  water  in  the  form  of  hexagonal 
crysiaifi  or  stars.    Even  at  temperatures  well  below  freezing,  the  ci^s.tais 
carry  a  thin  fflm  of  water  so  they  stick' together  wheti  they  collide.  At 
very  Idw  temperatures  the  crystals  'afe  dry*  and  only  small  flakes  are  s.een.  . 

•     Sleet  has  t^o  different  definitions.    The  British  definition  is  that 

-l^'  ■  '  V  t 

T  »  •  •  .         /        '       •  ' 

sifeet  is  ^  raixtara  of  sti'ow  anj^  tain  or  melting  snow.  I  In  North  America, 

*  )  *  ,       •  ^  * 

sleet  is."  defined  as  Sin  from  warm  air>loft' which  falls  through  a  laye\f 
of  cold  air  near  the  ground The  drops  do  not  turn  ibt*b  snbw  but  freeze  " 
Into  gr^ins-of  ice.    Thus,\pleet  is  formed  from  rain  plus  iow-leVel  freezing 
plus  warm  surface  temperatures.  • 


Glaze,  or  feezing  rain,  occurs^ when  rain  falls  through  a  layer  of  cold 
air  at  ground,  level  and^ freezes  when  it  strikes  the  cold  ground,  trees,  power 
lines I  etc.    Glaze  is  formed  fro©  rain  plus  ground-level  freezing. 

Granular  snow  is  the  frozen  counterpart  of  drizzle.    It  is  coiqposed  of 
siaall  ice  grains  falling  from  stratus  clouds*. 

flail  is  precipitation  of  balls  or  pieces  of  ice  with  diameters  usually 
, ranging  from  0^2  inches  to  2  inches  or  more,  falling  either  separately  or 
fused  into  irregular  lu]ii)s.    The  largest  reported  hailstone  measured  almost 
inches  in  diaiqeter  and  weighed  one  and  a  half  ppunds*    During  this  storm 
in  Potter,  Nebraska  in  1928,  hailstones  fell  so  hard *that  many  were  buried  " 


in  the  groi 

-         •     .  . 

A  cross  section  of  a  hailstone  usually  shows  concentric  layers  of  clear 

.  \ 

ice  alternating  with  snow.    They  are  a  peculiar  product  of  thunderclouds.  - 
According  to  the  TObt  prevalent  theory,  hailstones  form  whe|i  ice  crystals  ^ 
are  caught  in  the  gyeat  updrafts  and  downdrafts  insidjB  the  towering  thunder- 
clouds.^ The  crystal  is  carried  from  the  raining  bottom  to  the  freezing  tbp^, ; 
a  distance  of  so^ -six  to  ten  miles,  several  times  by  the  vertical  witid 
currents.    It*  altern^ely  mfelts  and  freezefiu  collecting  more  water  each  time 
l^t  passes  through  the  bottom  of  *  the  cloud,  until  it  is,  too  heavy  for  the 

^  updraft'to  suppc^rt,  and  it  falls  to  the  ground-    Each  congentric  layer  is 

'         ♦  ■      '  ^    -#  ^  • 

a  record  of  a« journey  to  the  top  of  the  cloud.    Because  of  their  weight  and 

.  .  * 

the  severity -of  the  storm  they  spring  from,  hailstones  do  much  damage  to  farm 


crops  every  year. 


o£der 


AnotR^  comjion  form  ©f  .et^denaation  is  fog  which  has  tyo  main  divisions: 
•advection  fogs 'and  r&dlation  fogs.    Fog  Is  formed  by  one  of  6wo  processes: 

J,  3 
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^ 

cooling  or  evapoi^tlon.    Radiation  fog  is  usually  fonaed  when  the  earth's 

surface  radiates  heat  into  the  nl«ht*air,  thfereby  cooling  the  air  directly 

above  it.    This  chilled  air,  Jieavier  than  the  air  about  it, Nf lows  downhill 

into  valleys  and  condensation  occurs  ol  tiny  airborne  particles  as  fog.  How 

high  this  type  of  fog  reaches  is  detenain«i  by  air  movement.  ^In  a  dead  calm; 

the  fog  layer  may  be  only  a  few  feet  high,  while  with  a  light  wind  it  ^an 

/  - 

be  quite  high  and  dense.    Such  a  fog  will  wually  "bum  off"  in  the  morning  t 
sui^hine  of  the  next  day.    Because  the  temperature  of  the  oceans  has  little 
dally  variation  Cabout  d^F,)  >  radiation  fogs  do  not  develop  at  sea. 

*  •  • 

Ocean  fog  is  usually  an  advection  fog.    This  type  of  fog  is  formed  when 

a  mass  of  warm,  moist  air  moves  to  an  area  where  the  teiiq>erature  is  below  the 

d&fpoint  (for  the  air  oass),  and,  being  cooled  by  the  surface,  it' condenses 

Into  fog*    For  exai^le,  warm,  moist  liir  from  the  Gulf  Stream  area  is  blown 

over  tl||^  Labrador  Current  C  a  coW  ocesn  current),  cools  and  forms  a  fo^.  }  ^ 

Such  fogs  dre  qtjite  common  in  this^egion       the' Grand  Bank  off  the  New 

EnglaM  co-fi^^^t^  , 

■  ,  ■  .J. 

A  fog  which  is  similar  to  this  type  of  advection  fog  occurs  over  siww 
when  the  air  is  very  damp  or  when  it  is  raining.    The  surface  of  the  snow  is 
at  the  freezing  point,  but  the  air  just  above  it  is  warmer  and  very  moist. 
The-  cooling  at  the  surface  of  the  snow  cattsefi  a  fog  to  form.    However,  if  the 
air  temperature  is  too  much  above  freezixng,  the  snow  will  melt;  without  the 
formation  of  fog.       *      ^  »  ' 


'     Advection  fogs  have  tJo  variations:    1)    the  steam  fog,  more  coimaonly 
known  as  arctic  . sea  smoke  and    2)    the  upslope^fig.    Arctic' sea  smoke 
form^  by  evalporation  and  Is  quitfi4po™non  along  arctic  coa^s  during  cold 


1 


spells.    It  la  eai>ectal,ly  bothersom 


i4  in  the  fjords  of  northern  Norway  and 
along  the  Alaakain  coast.    In  this  typ^of  fog  cold  air  flo^  over  the  warm 
ocean  surface  (or  a  ^arm  land  surfafffe).    The  eva^ration  of  water  from  the 
surface  is  so  Intense  that  steam  poiirs  out  of  the  water  to Vlll  the  air  with 


fog. 


V 


Upslope  fog,  common  along  the  Pacific  C<ms^  of  the  Unfted  States,  is 
formed  when  moist  sea  air  is  blown  against  hills  and  cooled  by  being  lifted 
to  colder  heights.    This  type  of  fog  -  cloud  is  quite  often  seen  in  mountain 
areas  apd  in  coastal  hilla^and- iwuntains.    Many  mountains  teay  have  a  long- 
lasting  cloudcap  due  to  an  upslope  fog.  '  In  this  case,  the  upslope  fog  is 
a  stratus  cloud.  \^  * 

Fogs  ma^  also"  be  formed  by  a  mixture  of  advection  and  cooling.  These 
are  conoaon  during  the  winter  along  the  Pacific  Coast.    Jtoist  sea  ai^is 
trapped  in  the  valleys  and  cooled  by  advec^lte  follo%red  by  radiational 
cooling  at  night.  ^ 
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'       IV.    MEASURING  THE  PERCENTAGE  OF  CLOUD  COVER  Pa)TOGRAPHICALLY  ^ 

•  .     *  ■  \ 

By  using  a  Polaroid  cas^ra  and  a  grid,  one  can  obtain  a  reasonably 

accurate  measure  of  tfLfe  amoimt  of  cloud  cover  over  a  general  area*  It 
\ 

will  not  vork  for  the  entire  sky  due  to  the  ,problaa  which  makes  cloud 
cote  farthaf  off  look  thicker  than^lt  actually  la,    S^e  Figure  7. 


Figure  ?•  , 

Obscurver  looking  overhead  sees  some  blue  sky  within  the  cone 
labeled  A.    Looking  to  the  side  he  sees  pnly  clouds  within 
the  cones  labels  B  and  C»  althoxigh  the  cloud  cover  Is 
essentially  the  same«  \  ^ 

To,  laeaaure  the  percentage  of  ci^oud  cover,  0ne  takes  several  Pdlaroid 
plujtographs  of  the  sky  so  as  to  get  a  reasonable  saii?>llng*     (A  large  cloud 
directly  overhead  may  give  a  fake  100  percent  clo^  cover  and  may  ihen  drift 
away;    A  second  measurement '  then  may  give  zero  per  cfent  *  cover  O    The  nimiber 

'  '  *  '  *  fib.  *  "  * 

of  photographs  and  time  Interval  between  feach  is  detei&lned  by  cloud  type 
and  speed*    Slow-moving  clouds  require  larger  time  Intervals ^  perhaps,  than 

Once  the  pMtographr  hdve  been  obtained,  a  grid  of  100  squares  can  bfr  ^ 
constructed.    ^The^crid  should  b0  exactly  the  same  size  as  one  of  the 
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J 


photographs  with  ten  blocks  per  side.*    It  should  be  drawn  on  transparent 
plastic*  such  as  that  for  overhead  projectors,  so  it  can  be  used  as  an 

m 

overlay.  - 

To  calculate  the  percentage,  one  simply  counts  the  total  number  of 

squares  partially  covered  as  being  1/4,  1/2,  or  3/4  covered.    The  results 

for  each  photograph  are  then  averaged  to  provide  an  overall  measurement. 

One  exffflsple  is  shown  below  in  Figure  8..  '  ^ 

Working  in  rows  from  left  to  right,  starting  at  the  top,  we  find  a  total 

of  27  rectaAgles  covered  out  of  a  total  of  100  rectangles.    Thus,  the  cUoud 


,  cover  is  about  27  percent. 
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Row 
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Figure  8 
Cloud  cover  photograph  with  grid, 
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27 


i *If  the  ohotograp^i  is  not  square,  ihe  grid  can  be  comstructed  to  have 
equal  to  thej^ter  slde^f  the  photograph.  The  grid  l,s  then  ^Ibced 
the  center-'^fthe  phocbgralph.  ^ 


-J 

sides 
over 


When  taking  thfi  photographs »  tha  camera  should  have  aa  wide  a  field  cff 

viev  as  possible.    Furthermore,  it  should  be  point^  directly  overhead  and.  , 

noto-ingled  to  one  side.    H  it  doesn't  point  directly  overhead,  the  data 

•   ^ 

will  be  false  due  to  the  angles  as  shown  in  Fi^uVe  7.  / 

V.    WIND  DIRECtlON  AND  SPEED 

Wind  Direction 

Long  ago  metf  guessed  that  the  wind  foretold  the  weather.    Wind  from  one 
direction  brought  fair  weather  while  wind  from  another  brought  storms.  So 
.they  observed  wind  direction  by  watching  which  way  Mmke  drifted  or  a  tree 
bent.    Then,  as  toda^  the  wind  \r£  nsmed  for  the  4irection  from  w^ich  it 
blw  (e.g.,  a  south  wind  blows  from  the  south  to  the  north).    Today  we  know 
that  factors  other  thin  wirid  foretell  the  weather,  but  we  know  tha-t  the  direc- 
tion of  the  wind  is     very  la^jortant  factor.    Ilalny  weather  jaay  generally 
com  frran  one  directio;i  while  fair  ^/weather  may  come  from  another. 

J  Wind  vanes  are  among  the  earliest  .known  weather  instruments.    Befote  the  ' 
Christian  Era*  rooftops  in  ancient  Rome  had  wind  vanesj  indicating  an  awkreness 
of  the  relationship  of  wiatf  and  wea,ther.  ■'■  ' 

Shown  beloi  in  Figure  ^  is  a  simple  wind  vane  ^described  on  a  "How.  To" 
card.    It  is  made  from  Tri-Wall  ,and  wooden  dowel  rods.^^ 


Dowel  Rod  Pointer 


Washers  for  Bal&ncl 


Screw  Eye 


Dowel  Rod  Shaft 


A  Screw  Ejre, 

— zs^'^ 


Figure  9 


Baseboard 
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Improvementa  may  readily  be  laadep  especially  as  it  is  not  durable  if  exposed 
to  mxcSx  rainy  weather.    A  better  one  could  be  made  from  sheet  metal  or  plywood,| 
alvays  renumbering  to^jj^ep  It  as  well-'balanced  as  possible.  •  A  metal  rod 
tould  be 'used  for  the  shaft  with  a  nail  for  a  pivot  as  sh^wu^rv-^ure  10* 
The  main  things  to  remember  are  that  it  should  turn  freely  and  should  present 

i         '  '  .  ■  . 

a  fairly  large  surface  area  to  the  wia4^  1 1  v^ll  turn  in  a  light  wind* 


> 


Support 
1^  Board 


Baseboard 


-•Metal  Shaft 


Screw  Eye 
Shallow  »6lfe  fg  End  of  Shaft 

 Nail 


Figure  XO 
Bearing  Detail 


■V. 


norths    -This  can 


To  orient  the  wir^  vane  properly,  you  must  find  the  direction  of  true 


be.  done  in  several  ways.    The  midday  shadow 'points., to 
true  north.    A  vertical  stick^could  be  use4  £6  find  trlic  nofth  from  the 
shadow  i-t  casts.    The  Pole  Star  (Polaris)  is  alwdys  at  true  north,  also. 

li^t 


A 


Perhaps  the  easi^t  way  isjto^ua^  a  magnetic  compass.  Rem^ber, 
l^w^er»  that  the  cot^as^.point's\^^to- the  nagnetlc  north  pol^ot  the 
geotfraphtc '^^th  pole  or'  true  north.    A  correction  roust'be  added  or  sub* 


IT'  _ 


o 
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tracted  depending" on ^ your  location.    T^he  map  in  ^'igure^  11  sliovrs  the  averag^e 
variation  for  the  United  States.    West^ly  variation  means  the  coSipaSs 
needle  points  west  of  true,  north  by  the  indicate  number  of  ^degrees,  while 
easterly  variations  meaVis  it  points  east  of  true  north.    Once  the  direction 
of  the  por^th-^south  Hue  Is  determined,  local  objectives  (such  as  tree, 
houses,  etc.)  may  be  used  as  a  reference  to  lo'c^te  it  when  "necessary. 


EASTERi^  VARIATION;,     WESTERLY  VARI/^ION 


/       ',;>:  1;  ^  ,    r  (C" 


■-20" 


J 


Flgji 


,re»  n  I*' 


\0° 


Wind  Speed  ^  . 

A  simple  methol^for  finding  wind  speed  Is  to  use  the  table  shown  on 

the  next  page  (Table  3).  '  This  is  thrteaufort  Scale  devised  in  1805  by  a 

British  admiral.  Sir  Francis  Beaufqrt.     His  original  scale  was  intended 

for  sailors  *of  his  day  and  give  wind  speeds  in  terms  of  its  ef  f ect  ..^Wsails, 

rigging,  and  waves.     It  has  been  modified  for  use  on  land  and  is  quite 

useful  for  determining  wind  speed  by  visual  ol?servatlon.        "      •  ' 

^  »  ,  »  , 

Various  J^nstruments  have, been  developed  over  the  years  to  measure  wind 

speed.     One  experljfienter  even  msed  a  device  resembling  wind  chimes.  The 

^one  produced'  was  related  to  the  wind  Speed A  modern  cup  aReiuoraeter  consists 

of  3  or"*4  hollow  cup»  mounted  at  the-  end  of  horizontal  arms  that  are  fit  right 


.  I 


.1 
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Wind  Speed  in 

Miles  Per  Hour 
1 

Effects -of  Wind    ^  ^  ^ 

Weather 
Bureau*  . 

— /  -  \ 

'1 1  if  At-  ^ 

T  o Q Q    t"Hnn  1 

fiinolcp  rises  straifihti  ud  *  ^ 

Calm 

0  \ 

1  to  3 

 —  •  — -T"  r— 

smoke  ^T^ifts  in  the  wind  but  wind 
v^nes  do  not  turn 

/ 

Calm-  ' 

■ 

1 

4  to  7 

you  feel  the  wind  oa  your  face, 
leaves  r,ustle  and  wind  vanes  move 

Light 

f                                         ...  ■  1 

2 

,  8  to  12 

the  wind  extends  a  little  flag  and 
keeps  leaves,  and^  smaJl  twig^  .in 
motion                                  '  *• 

Gentle  ^ 

.  '  3  ■ 

13  to  iS, 

^nd  raises  dust  *and  loose  paper  and 
small  -branches  are  kept  in  potion 

Moderate 

/ 

4 

___  ^ 

19  to  24  . 

the  wind  ^ways  sm^ll  treps*  in  leaf, 
and  little  white  wavelets  form  o'n 
ponds  and*-  lakes 

i  Fresh 

5 

25. to  3a 

large  branches  of  trees  move, 
telephone  wires  whis^tle,  and  it 
'  is  hard  tq|use.an  umbrella 

Fresh 

r 

6 

••J 

 ■  

32  to  38 

whold  rtees  bend,  and  it  is  hard 
to  walk  against  the  wind  , 

Strong 

7 

'39  to  46. 

V  ,  ^  

twigs  break  off  the  trees 

,  Strong 

8 

47  to  54 

 — — .  -i  — 

large  limbs  are  broken  off  trees 
and  roofs  are  damaged 

>A  Gale 

9  • 

55  to  63  . 

whole  trees  are  uprooted  (rarely 
seen  inland) 

^   ^  :  ^           ^   —   ^  ^ — 

Gale 

■ 

10 

r^^ —   

64  to  75  , 

damage  is  very  widespread  (rare 
except  near  oceans  , 

A  Whole  Gale 

11 

above  75  - 

tremendous  damage' is  caused 

- — -t^ 

A  Hurricane 

'~-<12 

4 

*      .       •  Table  3 

0  ^Beaufort  Scale 

•  )  ^  * 

Wind  speed  In  terms  of  visible  effects. 
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angles  to  a  vertical  shaft  >  ,  The  wind  exerts  more  force  on  'the  hollow  side 
of  the  cups,  causing  the  shaft  to  rotate.    In  some,. the  turning  of  the  shaf 
rotates  gears  which' measure  the  wind  speed.     3^n  others^  the  shaft  rot^ion 


4 

aenerates  an  electric  current  which  actvates  the  pointer  of  a  meter  calibrated 
to  redd  miles  per  hour.    Anothei^modern 'type  of  anemometer  uses  an  airplane 

prqspeller  type 'device  to  rotat'e  the  shaft  4 

'   ■  ■     f  (   ,  ,  ' 

A  relatively  simple  anemonte-ter  is' shown  below  iil  Figure  12.    While  it 

may  be  difficult  to  use  as  an  accurate  measuring  device,  it  does  illustrate 


the  working  of  the  anemometer. 

• 


Figure* 12 
A  simple  anemometer. 


Small -'Can  Bolted  to  A^rm 
Wooden  Arms' 


Vertical  PoSt 


Baseb^^ard 


) 


4. 


,The  arms  can  be  made  from  a  yardstick,  such  as  those  given  out  by 
-*  hardware  stor^,  cut  tli  half.     The  cups  are  simply  four  small  tin  a 


cans 


of  the  same  size  fasteneci  to.  the  arms  witlysmall  ht^ltK  And  nuts. 

# 

Cross  the  two  yardstick  pieces  at. right  angles  ami  fasten  together 
with  a  tenpenny  nail  throL^h  their  exact  centeVs  •     Us^  small  wire  brads  to 
hold  the  arms  at  right  angles.     (Small,  snoi^t  screws  will  also  work.)  Drill 
a  hole  in  the  center  of  'each  end-of  the  arms  about  1  Inch  from  ^the  end. 
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Drill^Nhole  in  the- side  of  each  of  the  cans.     This  hole  should  be  loca^ted 
so  that  the  can  is  Ijalanced  from 'front  to  back.    Fasten  the  cans  to  the 
arms  with  small  nuts  And  i^fTs  through  the  holes^ 

Drlir^a  fiole  into  th^  end' of  the  piece  of  wood  to  he  used  ^  for  ^ the 
yfertlfiy  post.  -It  should  be' slightly  shallower  than' the  length  of  the 
nail  sticking  out  of  the  arms  and  slightly ^larger  in  dlametet.     The  point 

J  ' 

rests  on 


of  the  spail 


the  bottom  of  the  hole  .and  acts  as  a  bearing.  The 


entire  aiafi^^enbly  turns  on  this  pivot  point*    This  is  shown  in  Ficure  13 

^^^a.^— Wooden  Anas 


Washer 


1 


> 


MA 


Put  Drop  of^  Oil  Here  ^ 


Figure  13 
y        Bearin^^  detail 


Vertical  Post 


4^ 


When  the  nail  In  the  arms/ls  inserted  intoV the  hole,  the  arms  should 
}wat  clear  the  p^t^'and' should  turn  freely.  The.  other  end  of  the  "post  is 
nailed  to  a  baseboard  or,  if  a  broomstick  is  used,  atudk  into  the  ground". 
The  an^tjmeter  can  be  painted  to  make  it^ore  durable  with  pne  cup  painted 

a  different  coltSr  so:- turns  can  be  counted  easily.    A  few  drpps  of  oil 

/-  ■       •/  i  I 

should  be  put  into  the  hole  before  putting^^the  nail  (in,  the  anfis)  into  the^ 

hoIe»  -  • 
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'   ^  A  soidewfaat  ini^re' elaborate  anemometer  Is  shown  in  Tigure  lA.  The 
use- of  the  eggbeater  as  a  gear  reduction  device  enables  faster  wind  speeds, 
to  be  observedV  When  the  anemometer  is  turning  very  rapidly^,  individual 
turns- may  be  difficult  to  observe.    Howfever,  the  larger  geS^^  on  thp  egg-- 
beater  will  turn  only  once  for  several  turns  of  the  anemometer  cups. 


Small  i«n  Bolted 
to  Arm         .  ' 


Beater  Blad 


es 


I 


P^int  Dot  for 
Counting  Tuirns 


/ 


Use  Handle^  for  Mounting  on 
Vertical  Post 

w  - 


Figure  14 
Eggbeater  Anemometer 


%  the 


One  of  the  beater  sliafts  i&  sawed  off  (Use  a  hacksaw)  ne^  tne  small 
gear:    The  blades  of  the  remaining  beater  ar6  cut  apart  near  the  bottom  of 
the*be'ater  and  carefully  straightened-r    TIT^  wire  f rame"* around 'the  ieaters 
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and  the  hand  crank  are  also  cut  away.    It  sHbuld  now  resonble  Figure  14 
'^without  the  small  cans.    The  four  small  cans  ar^no^ 'fastened  to  the  beater 
blades, by  drilling  a  smalj.  bol^  throtigh  each,  blade  and*  the  side  of  each  can,^ 
and  bolting  them  together  as  shown  in  Figure  14.      A  dot  of  paint  on  the  edge 
.  of  the  large  gear  will  make  it  easier  to  /count  the  number  of  turns  It  makes. 
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With  this  anoaometer,  calibration  to  exact  wind  apeed  is  difficult.  The 
method  involves  taking  the  finished  anemometer  to  a  local  weather  station 
and  calibrating  it  with  another  (already  calibrated)  anemometer.    An  alter- 
native  is  to  calibrate^it  using  the  Beaufort  Scale.  ,A  second  alternative 

<  •  ■  . 

A 

'As  to  hold  the  device  out  a  car  window  and*  have  someone  drive  at  several 
^elected  speeds  (IQ  ii5>h,  20  mph,  30  mph,  etc.)  fox  a  minute  yhile  you  count 
•the  nimher  of  turns  of  the  larger  gear.?   However,  ^his  last  method  is  not 
very  easy  to  do  accurately    -  In  any  case»  pne  ne^ds  to  know  |:he  numbpt  of 
turns  per  minute  of  the  largey  gear  for  several  Known  wind  speeds  to  calibra.t^ 
the  ^instrument.  •  ^        -  -  ^        *  y 


TI^  deai^  and  cDnstryction  of  the  anemometer  may  bg  quite  varied,  ^ 


J  ■ 

istry 

dep^ding  on^vailable  materials  and  the  age  level  of  the  chil^^ren.  Small 

/  *  *  '  * 

cans  or  tablespoons  will  work  for  the  wind  cups.    A  roller  skate  wheel  can 

be/used\.irf  place  bf  the  eggbeater  as  a  bearing  ^  but  then  individual  turns 

mt/st  be^  counted.    Also,  the  anas  must  be  9 trapped  to  thfe  wheel  as  the  wheel 

)sorbs  too  much  heat  for^soldering  to  be  effective.    Gears  and  shafts^rom 

jld  Erector  Sets  xnay  also  be  used  to  cinstructy^the  knemomej^-^ — Qde^^^^ 

to  keep  in  mind  Is  t^t  t^e  anemometer  should  Ije  ^pable  ^pf  withstanding 

strong .gusts  of  wind,  •  '  '  /  , 


^  0 


VI.    AIR  PRESSURE  AND  THE  BAROMETER 

Inventfed  by  Torricelli  in  1643,  the  barometer  was  the  first  of  the 
modern  instrument^  for  weather  prediction.     Renaissance  scientists  yere 
quickly  fascinated  by  obsetving  that  ^certain  kinds  of  weather  often 
accompanied  certain  pressure  readings-     Even  today  some  barometers  carry 
the  predictions  "Chan^e"^'  at  29.5  inches  (lOf.  mercury)' flanked  by  ^aln"  and 
"Stormy"-  at  Ipwer  prresstires  and  "Fair"  and  "Very  Dry"  a^t  higher  pressures. 

Actually^  atmospheric  pressure  depends  on  many  factors,  including  • 

altitude,  and  is  far  from  being  a  certain  indic^or  of  a  specific  weather^ 

condition.     Its' chief  us^/ulness  occurs  in  indicating  that  a  change  is  on 

the  way^  for  a^chatijge  in  pre^ure  usually  dofes  indicate  a  change  in  the  ^ 

II 

weather.*  /  Muc-h  more  information,  such*|^s  temperature,  relative  humidity, 

t. 

wind  direction,  cloud « piit terns,  Weather  elsewherer  previous  weather  con^ 

.  • 

"  ■    '  "•  •     •  ■     V  .  .    .  * 

ditions,  etc.,  is  needed,  to  forecast  t'he.w^ther. 

Tlie  barometer  Is  an  instrument  which  weighs  th^gtotal,  column  of  .air 

"that  is  pressing  down  on  a  given  area  .at  a  certain  time,  -'The  word  itself 

means  to  m§a;Siire,  heaviness  or  weight.     This  weight'of  air  per  Wt  area 

is  the  atmospheric  pVessure.    When  the  ai-r  is  heavy,  we  have  high  pressure, 

« 

and  .when  i6  is  light,  we  have  low  "press vxe.    We  cart  weigh  the  air  "by  usirtg 
a  spring  scale  or  by  using  a  balance,  except  we  have  to  have  the  air  p^ess 
down  on  one  sl^e.  and  no  air  (a  vacuum)  pressing  down  on  the  other^side  of 
thfi>alance.     In  th^  balance  system,  we'use  a  column  of  mercury  to.  balance 
a  colimn- of  air.    Fro^i'Vhe  length  of  the  djolimn  of^mercury  T  the  weight  «f 
the  column  of  air(at  tliat  tjime  can  b£>  found.    Aboye  th^  mercury  column  in 
the  tube  is  a  vacuum.     The  height  of  the  column  in  incheq  glvefi.^the  atmf-^ 
spheric,  pressure',  and  it  is  this  height  which  is  referred  to,  when  the 
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weatherradn  sa^s  fcKe  pressure  is  sO  many  inches,.    Other  sitibstances  could 

•  \  .  • 

be  used  to* measure  the  pressure,  in  this  type  of  barpmeter,  but  the  column 

* 

'   wbuld  have  to  be.  considerably  long^.    If  water  were  used,  the  column  would  » 

-\       ■  '  '  .-  »  • 

bfe^34  feet  taMi    One  needs  a  heavy  liquid  which  won^'t  evaporate,    A  simple' 
mercury  barometer  is  shown^  in  ;Fl«ure  l^*    Refdit  to  App^dlx  A  for  a  detailed  - 
description. 

Vac^^uIn 


Weight  'of 

'aip 
pressSmg^ 
T  dovm 


Column  of  Meroury 


Point  at  which  weight  of  coli/mn  , 
of  mercury  Equals  weight-  of  columrt 
of  ,  ,  ,    .i.-  ■ 

\Jar  of  Mercury 


Figure  15 
Simple  mercury  baromete^ 


The  stating  balance  type-jof  bhromet^r  Is  the  aneroid  barometer.  ,  Jiere^ 

.  a  sealed  metal  container  from  which  the  air  his  beep' evl^cuated  Is  used.  A 
^  •  .  .  .  ^ 

pointer       attached  to  pne  si^^of  the  "container.    As  the  air  pressure  change 


the  sides"  of  the  ^ontaijser  move'^  in,,  for  Increasing  pressure,         out,  for 
decreasing  pressure.    This  causes  the  pointer  to  move  across  a  spale  which 
is  calibrated  to  read  inches  of  mercury.    This  isjthe  type  usually  .found .  in 

homes  and  offices.  ^  '       -  '    .  '       •  . 

.    I  '  ,       .  ' 

iaentioned\previou6ly,  air  pressure  yaries  with  altitude.  At'^ea 
*'  level  the  average  'pressure  is'  29.92  inches.    At  1,000  feei,  it  is  28.86 
inches;  at.  2,000"  feets  i^:  is  27.82  inches;  and  at  3,000  f^fet,  it  is  26t82 
inches.    The  average  ^r  pfessure  in  Denver  at  5,000  feet  would  be  24. 90^ 
Inches.'''  The  average  normai  air  pressure  at  the  top  of  the  Bnplre  State  ^ 
Building  is -about  28.60  inches,- nearly  1.3  inches  less  than  at  th^  bottom. 


/ 


A 


M7^ 


For  the  barometer  Wbose  constrwctflon  iff  described  In  the  "How  To-" 
...  i  . 

cards,  mineral  oil  v^s  chosen  as  being  an  adequate  Ijlquit!  to  use.  Figure 


16  ahovB  <^  cross-sectional  view  of  such  a.  barometer. 


Milk  Carton 
"      'Cotton  Insulation 
Partial  Vacuu^' 

l  .. 

Thermof  Bottl^i  Filler 


Rubber  Stopper 
Plastic  Tube 


Small  Jar  of  Mineral  Oil 
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One  basic  problem  which  may  affect  the  use  of  this  barometer  is  the 

effect'' of  temperature"  on -the^easureiaeht  *    As  the  temperature  rises,-  it 

causes  the  air  remaining  in  the  Thermos  bottle  to  expand.    This  causes"  the 

oil  in  the  tube  to  fall,  indicating  a  drop  in  'atmospheric  pressure.  This 

change  is  spurious,  Wever.    Tf  the  pressure  is  read  at  th^  same  tempera- 
■  ■    V  ,  ^ 
ture  each  t:hae,  then  t^e' readings  will  be  consistent,  and  the  effect  .of 

•      ■      '  •  •  ■  '      ■  "     ! , 

temperature  is  essentiajLly  cancelled.    If  the  temperature  does  vary-,  the 
pressure  reading  can  be  corrected  tfor'  tl\e  .change  by  using  the  gcapt 


ri 


*  f 


.V 
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-Figure  171   'The  relation  between  thej  tempera,turc  change  and  its' effect 
on  tloe  pressure  reading  is  fairly  linear  but  is  differenffgr  different 
/alt^tis^es;     In  van.  at  tempt  to  avoid  tlrls  problem  ^ntl^ely  ,  the  baron\eter 

sliDuld  be.  placed  away  from  sources  of  heat , 'such  .as  radi'atonp,  sunlight, 

"\      .    '         '  *  ■ 

or  incandescent  lights.     In  using  the  temperatAire  correction  with  the 
.■f  _        .  ,.  * 

Thermos  bottle  barometer ,  one'must  alsb  be 'sure  that  the  temperature. in- 

•side  the  Therihos  is "  the  sanui  as  the  outside  of  the  Thermos.     It  usually^ 

.  '  •  *  N 

*.  '  ^  "  • 

takes  several  houts  for  thcf  tcanperature  inside  the  Thermos  to  eqiuilize. 

■   \  '  •       ■  r 


/ 


■      ft      *      '      I   ..^      >      ■      ■  —  -  V     n     Cx  Q 


•  / 


Change  in  temperature  from  calibration  temperat;jire 

'(inF.)  ^ 

4 

Figure  17 
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Minetal  0S?1  Jar, 


Figure  18 
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Another,  problem  which  may  arise  is  that  of  a  sealed  building.  .  While 
it  is  preferable  that,  the  baijometer  be  set  up  i,n      spot  froB.  which  it  ne^ 
not- be  iovea'  (thereby^ssuring  more  accurate  readings),  it  may  become^ 
necessary'  to  W  the  barometer  outdoors  to^obtain  an  accurate  reading.  Of 
.  course,  if  tlje  students  construct  a  , weather .  station,  the  .baKomet^r  may  be  ^ 
-^kept  the^e.     If  the  claslroom  building  is  air  conditfoned,  the  building  may 
-    be  sealed.    Consequently,  the  air  pressure  inside  may  bear  no  relation-^ to 

the  air  pressure  outside,         ^  . 

alternative'^procedure  toi  avgid  the  temperatjire  problem  is.  to  use. 
'  a  styrofoam,  iCe  bucket,  or  ^  similar  item,  such  as' a  styrofoam  instrument 
packing  cas^.    The  barometer  Jar  is  packed  in  ice  .to  keep  the  temperature 
constant.    An  ice-wlter  mixture  will  .maintain  a  temperatut^e  of  ^2-^.  In 
this  sase.'  a  Thermos  bottle  may  not  be  Necessary,  and  an  ordinary  glass 
jgr  will  do.  ^  This  barometer  'j.s  shown  ifi  Figure.  18. 


r 


£alibratl^n  is  most  easily, done  by  usirfg  anothet  barometer  which  is 
already' caiibrated,  such  as  one  ^rom  a  high  school  physics  or  chemistry  ' 
lab  nearby  or  an  aneroid  barometer  from  home.  '"^  One  can  also  calP  the  neatest 
U.S.  Weather  Bureau  office,  TV  station,  or  amateur  weatherman  to  get  the 
barpmetric  pressure  reading.    With  several  dif f erent ^readings  one  can 
readily  calibrate  the'  scale*^ 

Several  problems  may  arise  during  the  construction  of  these 'barom^ers  * 
Plastic  t.ubing  is  suggested  Jfor  the  barometei"  tube,  since -it  is  easily 
cut  and  wil.l  not  break.     Gla^  tubipg  can,  of  course,'  be  used;  but  it  is 
more  dangerous  due  to  the  possibility  of  shattering.     Rid>ber  stoppers        ^  < 
can  be  obtained  at  hobby  shops  Crt,  perhaps,  from  high  school  labs.    A  number 
,6  stppper  fits  a  Thermos ^bd^tle  quite  well.'   In  fact,  it  seems  to  make 'an 
airtight  seal  so  that  wax  is  not  needed  for  this  purppse.     If  the  hole  in 
the  stopper  is  the  saioe  as  the  tubing  outer  diameter,  the  tubing  will  fit 
tigjhtly  and  an  airtight  seal, will  be  formed  here  also.    Some  liquid  soSp  ^ 
on  the  end  of  the  tubing  will  lubricate  it  so  that  It  will  go.  into  the 

■  ■  ■    ■  ■  ■•  ■       ■  }  '  ■ 

stopper  easily.     Care  must  be  taken  tiQt  to  bend  the  tubtng  as  it  will  crack/ 
The  tubing  should  h&  grasped  near  the  end  to  be  inserted  into  the  stopper. 

Twisting  the  tiding  Aack  and  fortK/slightly  ofteit  help;^.     If  glass 

-  *"  .  ' 

tubing  is. being  used,  the  hands  should  be  held  so  that  the  tiijing  will' 

not  ^l?e  jammed  into  the  h^nd  if  it;  s"hould  break.  *  ^ 

Filling  the  tube,  with  mlneral^il  can  also  present  problems.  If 

•^the  Thermos  bottle  barometer,  is  being  constructed,  the  Easiest  method 

-    V  -  ,  .         '       X  ^  X 

is  to  put  warm  water'  in  the  Thernjos  ^or  a  short  while,  and*  then  empty  it. 

The  stopper,  with  the  tufee  already!  inserted  in' ijt ,  is'  insertea  in  the  mouth 

of  the  bottle.     The^iAeyis  then  iip^ded  into  the*  mineral  oil  "jar ,  As 


the  Thermos  bottle  cools  ,^ the  alV  inside  contracts,  drawing  the  mineral- 


oil  up'  Into  the  ttjbe.    In  the^  order  of  consttuetlon  st^pis';  -the  Thenoos 
'bdttXe         b'fe  taped -into  th^  xot^bn  -  filled  milk  c^rtoh  before  the.  filling 

.  protsedure  just 'described  ^'takes  plate^**^  The  i^ilk  carton  is  theja  fast^ne^d 

'    , '     •    *        ^  •        ,  .     '  . 

to -the  support  .V    It  may  take  several  houts  foi:  the  Thermos  bottle  tq,  cooj. 
completely  and  for  the  mineral  oil  to  rise  as  far  as  it  carf.  . 


'4. 


If  the  mineral  oil  should  rise  toot  far^  this  ciai:!  b^^  easily  remedied. 
Get  a  siaall  flexlhle  straw,  and  put  one  /^ad  of  it  directly  bd^tie^th  the 


bottom  opening  &t  the  barometer  tube*  (Seia^Figure  1^.)  Very  gently  below  \!  v 
an  air  bubble  into  the  barometer  tube.    Bepeat  this  as  many  times  as  is 


necessary  to  bring*  the  l^vel)  of  mineral  oil  in  the  tube  down  to  a  reasonable  ^ 


range.     An  alternative  to  this  procedure  is  to  use  a  medl'pliie  dropper  instead* 

-»  .  .  •    ■  -      ' « 


of 'a  stratft». 


Air  Bubbles 


If 


if 


Mi  i. 


Small  Flexible  Tube  or  Straw 


Figure  19 

Filling  the  tube  with  mineral^  oil  when  constructing  the 
bath  type  of  barometer  is  much  simpler.     The  barometer  is  constructed 
in  its  entirety,  upended  into  the  mineral  oil  jar,  and  fastened  to  the 
support.    When  the  ice  Ad  water  are  added  to  the  styrofoam  chaiii)e*r  on 


top,  the  air  in  the  barometer  jar  (or  flask)  will  contract,  drawing  the 


ftitieral  oiJ.  *ap'thl^  tube.     If  the  mineral,  oil  should  rige  >too  fa£,  It 

.can  be  lojtiered  byjthe  loethod  previously 'laehti one d. 

,  ,     .  '.     '  •  '  • 

One  thing  to  I^H^e  is  the  pressure  when  getting  the  ^njin^ral  oil  into 

the- tube.'    If  the  pressure  is  low  for  your  area,  do  not  let  the  oil  go  too 

far  up  the 'tube.. Dtherwiae,  whfen  the  pressure  does  rise,  tl^e  mineral  dll 

will  rise  all  the  waylinto  the  bo?tle  itself When  the  pressvire  is  high, 

•i^ake  su^e  the' oil  gU  up  to\  reasonable  height,  or  it  will  all  caie  out^ 

- 

•when  the  pressure  falls  later,  and  the  barometer  will  h^ave  to  be  recalibrated, 

.   If  the  rubbei:  stopper  and  plastic  tube  do  not  make  an  airti^t  seal, 
air  will  slovly  leak  into  the  partial  vacuum  in  the  Thermos  bottle,  and -the 
mineral  oil  wlA  graduaJJLy  leak' out.    If  this  should  happen,  cahdlejffax  may 
be  used  to  form' a  seal.  ,  First*.  remoM^  the  barometer  from-^the  support  ahd  let 

.„      ...  ....  .-i.. ^.  ... 

inside  of  the  Thermos  bottle  with  wannjinater.    Ppur  out  the  -^ter  and  Insert 
•the  rubber  stopper.    Then,  using  a  Sighted  candle,  drop,  melted  wax  around  the 


rubber  stopper  where  it;  joins  the  Thenwss  and  where  the  plastic  tube  g^e^n 
as  shown  in  Figure  20.  '  Invert  the  barometeV  an^  place  the  fottom  oS/th 

■   ^  J      ■  '■        J  '  ' 

in  the  mineral  oil.  -  Refasten  the  bftromejier  to  the  support . 
prevent  the  barometer  from  leaking^  '  - 


e  tube 
The  wax  'should 


Candle  Wax 


Plastic  Tube 

Cand-1e  Wax 
Rubber  Stooper 

Candle  Wax 

i 

Thermos  Bottle 


J 


Pigute  20 
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APPENDIX  A;    Mercury  ^ronleter  ■  -  . 


i    '     *  ^  '      ' .  ^  .  .  '\  ' 

♦JCn  the  mercury  barometer  shoifh  In  Figure  15 ^  let  the  area  of  the  toi),ot 

•■..'<-.  ,  •  *       ■  ■ 

•  the  uiercur^  In  the  Jar  be  A,  artd  let  6^  weigh^  of  the  air  pressing  dowit^be  W. 

•  This  means  the  air  pressurd  at  that  sdrfaoe  if  P  -  W/A  since  thi^  is  how 

'  ^«  •  .  ...  -  - 

•  ^pr^«Sure  is.  defined.    Thfe  weight  of.  the  column  «>f/nercwry  is  fduiK^  by  multiplying 

its  density  (weight  per  unit  volume),  d,,  by  the^volun«.»e^  tjE&  coTufim-.*' .If  the.- 
height  of  the  coluaai  is  h  ^i^^0»'ji^e^^  ih^a/,'.  itwmi       is  (h  x  a)>    The  weight 
of  «the  mercuty  is  theii'^  -  h  x  ii  x  d.    The  pressure  exerted  at  the  burface  of 
t^e  mercury  by  this  "Column  is  p  ".  w/a  -  H-x  d.    Ai^  this  .surface,  tjhe  pressure 
<^^e  air  column  aiidtthe  pr«issure  of,  the  mercury  column  must  be  equal.     (If  this 
wferc  not 'true,  mercury  would  flow  Either  into  o^^ut  of  the  tube  until  it  Wfere 
true.)  'Thus,  we  can  set  ther-^wo  pressures  equal  to  each' other: 


'  P    -  p  -  h  X  d.  '  .  ^ 

Normal  sea  level  pressure  is  given  as  29.92.  inches  of  mertury,  and  the  density 

^  .       '  '      ■    '  ■        .      '       ^  \ 

of  mercury  is  0.492  pounds  per  cubic  inchy    This  gives  us  a  normal  sea  level 

^  /" —  >  .  * 

pressure  of  P     14.7  pounds  per  cubic  inch.  -  ' 


4  •  *  * 
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"  PROBABIL%Pf->sJHUMB  TACK"  EXPERIHfiNT*  *  L" 

,   /     \  MQs,t  peop^^^f  ind^  It,  dj^flcu^t  tp  think  aboub  chance  events .    Let*s  see* 

-    .    if  we  can  dgree  on*  answers  to  the  following  questions:" 


t 


ERIC 


'  Question         If  we  drop  agnail  from  a  height  of  about  4  ft.,  wij,l  it 

land  in  a  "point-up'^omltion,  ^  -         .  1         •  ^  ' 

/  •   •  •  ■.  —  1 

,    or  in  a  "pbijft-down"  position?  *  Wr>  v 


y     Quefetion  2:    If  we  drop  a  thumbt^k  from  a  height  of  about  4, ft.,  will 
^  .         it  land  In  a  "point-up/'  position,  fl  '  * 

^  or  iig^  a  "point-down"  position?  _  ^  J 

y          Question  3:     If  we  drop  a  naiA^r  a  thnnjiitack  from  a  height  of  about  4 
ft.,  will  it  land  "point--up"  the  same  number  of  times  In  each  s€!t  of  20  drops? 
I    .  ^Hjuestion  4:    Can  you  gu^s  the  outcome  more  cli^^ly  if  you  use  sets 

of  40  drops,  instead* of  20?  /  ^ 

Tp  find    answers*     to  these  que^tl^ns  you  may  want  to*  perform  an 

t  * 
experiment.    To  keep*  hidden  factors  fronf  entering  into  the  experiment,  it  Is 

^  usually  desirable  to  drop  tf^e  thumbtack  in  nearly  the  same  way  each  time.  We 

can  do ythis  biy  setting  the  tack  "point-up"  on  a-  desk,  and  slowly  pushing  it 
off  the  desk  by  meand|of  the  edge  of  a  book.    You  can' think  of  many  other 
ways  to  achieve  uniforoaityt     for  example*  you  cari  rest  your  forearm  on  a  desk 
and  hold  the  tafck  paper  cup,  then  turn  the  cup.  quickly  upside  down,  so 

that  the  tack  falls  out.  -  ' 
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Th 


e  way  that  you  ro^ord  ^our  data  is  a^so  important,  ^Yotv^want  to 


preserve  as  much  of  tht^^data  as  possible,  so  that  you  can  us 


ili^t^o  a 


answer 


new  questions  that  may  arise  In  the'  future.     Onp  way  to  db^b^s,  in,  the'" thumb 
tack  experiment;  i>^  to  uf^e  the  letter  ''U'*  fd  mean'^point-uj)" 'and  >to  use  the 
letter  "D"  to  mean  "point-down/'    Record  each  outrfomje  in  the  .or-der  of  occur- 
rence,  grouping  the  symbols  -in  groups  of  5,  sib  that  your  record  for  20  drops 
ralglit  look  like  this:  .    .  '       .  ^.     -      '  * 


u  u  u  ,i)  u 

D  U  U  D  D 

D  U  U  D  D 

D  U  U  DNJ^ 


A  set  of-  original*  da<4  Is  shfown  below. 


Marilyn: 


Harold: 


D  n  i>  V 

b  D  D  I 

U  D  D  u,  n 

U  D  U  I  i> 

U  U  D  I!  :) 

U  u'd  I'  n 

n  D  u  r  (J 

D  u  n  D  n 


Elicn: 


D  U  t)  U  II 
n  li  U  D;U 
U  U  U  U  D 

u  u  u  u  u 

U  D  tl  U  D 

u  u  I'ii  n 

D  D  J  'd  U 
D  DrTTU  D 


Tony: 


Nancy : 


U  U  U  U  D 

U  D  D  U  U' 

U  U  U'U  D 

U  D  D  U  U 

D  D  U  D  U 

D  U  U  U  U 

U  U  U  D  D 

U  n  U  U  U 


Richard: 


Susan: 


r  D 

U  D 

D  D 

D 

u'  n 

D  D 

D 

u  u 

D  U 

.  D 

u'd 

U  D 

U 

u  u 

D  D 

D 

U  D 

U  U. 

0 

U  D 

D  U 

U 

U  D 

D  D 

-Rir 


4#I 


Jean:  tJ.D  0 

0  D  B.D  0 
U     D  D  0 

Francis;    0  IVU  D  0 

\  '    '  .  d'O  U  1)  D 


Harge: 


George:  ^ 


Jeffs 


D  0  D  D  0 
D  U  D  D  0 

D  U  D  U  D 
H  D  D  D  U 
D  D  0  u  n 
D  U  0>D  0 

D  D  D  V  D 

U  D  0  U  0 

D  I>  D  n  D 

U  U  l|  D.  0 

U  0^0  0  O 
D  U  D  D  D 
U  D  D  q  D 
•  D  0  U  D  I? 

D  D  n  ^  D  / 

U  U  D  U  D 

D  D  D  U  U 

D  JI  D  0  D 


Jim:       D  U  U  D4) 

*  D  D  U  U  D  - 
U  D  f>  If  U  • 

D  D'D  n  o 

Tony:     D  D  0  IJ  D 
0  D  0  D  Df 
0  D  0  0  D 
0  0 

Ren^s     0  0*0  0  0 
D  D'D  D  D 
*.  D  D  0  0  0 


Steve: 


Marys 


Jake: 


0  0  D  0  D 

0  0  0  0  0 

0  0  D  0  D 

D  0  0  D  0 

0  0  D  D  0 

0  D  D  D  D* 
D  0  0  0  0 
D  0  D  0  D 
D  0  0  0  D 

D  D  D  D  0 

0  0  0  0  0 

0  D  0  0  0 

D  0  0  0  / 


Charles ; 


u 

D 

D 

D 

D 

D 

U 

U 

U 

U 

U 

U 

D 

U 

D 

D 

D 

D 

D 

U 

Walter! 


'u  u  u  u  u 

U  D  D  D  U 

U  D  D  U  U 

D  U  U  U  D 


Betty: 


D 

D 

U 

D 

u 

U 

D. 

u 

U 

u  . 

D 

D 

u 

D 

u 

D 

U 

D 

U 

u 

Jenny: 


D  D  U  D  D 
D  D  D  U 
D  D  D  U  U 
DUD  U'U 


•  •  Yfeu  can  use  the  above  data  to  'make  sets  of  data  which  haVe  dif  feYenf  . 

.     '  ^   '  ... 

numbers  of  'drops  in  each  set.    For  /exampde;  'you  c^n' make       12  groups  of  5  drop! 

•  '    .    •       -  *,  ' 

A  each,  using /the' flTSf  five  drqps^' f  rom' the  first  12  students:* 
Number  Of  "ups"  in  each  Rro'u^  of  5  drops 
^    '  •         2.' 3,  3,  ^,X/l^2,  2\3,  2.  2,.  3^  "  , 

■  Similarly,  you  can  mak^  12  groups  of  10  drops  eSch,  by -using  the  last 
,  ^    •  '*.''■  . 

10  drops  of  each  of  the  last  12  students: 

Number  of  "ups"  In  each  group  of ,10  drops  s 

5,  5,  6,  6.  5,  3,  5,  5,  6,  5-  "  .  •  . 

fV  Twelve  groups  of  20 Urops  «ach  can  be  compiled  by  using  the  last  10 

'drops  from  paiirs  of  students:  -  ^  /    -  ^ 

^        Number  of  "ups"  In  eafch  group  of  20  drops 

14,  7,  12,  12,  12,  8,  11,  10,  8,  12,  10,  10 


7'- 


*  Similarly,-  10  groups  of  40  drops ^each  are  made  up  by  combining  the 

work  of  pairs  of  students:  . 
Number  of  "ups"  in  each  etoup  of  40  drops 
23,  21,  21,  24,  22,  15,-20,  22,'  16,  24,  22,  18 

We  need  some  good  methods  for  studying  how  much  "variation"  there  i^ 
in  our ^sf ts  of  data.    Here  are  3  methods: 

I.       The  Method  of  "Just  Looking" 
I  11.^     The  Method  of  graphs    ■  " 


III.    The  Method  of  Quartlle  Ranges 


v.. 


V 


•  ,      .  <  .  '  PSl-5 

I.    The  Method  pf  'Must  Looking." 

For  groups  ^of  ^5,  got  these  .numbers :  (counting  "Ups  )^  ' 
2,%,  3,  3',»4,  a„2,  .3-*  3",  2,  2,^3:         •  ' 

For  groups  ofN^20,  w^i  ,got  these  nutabers: 
U,  7,  i2,  12,  12,  8,  11,  10*.  8,  12,  10,  10 


By  just  looking  at  these  numbers,  which  set  of  numbers  seems 
^       to  show  greater  ^'variation"? 

II •    The  Method  of  Graphs^  .  - 

We  can  show  \he  fltst  set  of  numbers  In  a  graph  like  this:  ^ 


tjuml|eT  jof^^8"jln  12  groupft 


f        f  t 


i  . 

ftjeqv^ncjr  i 


3 


J    -I  .1 


X  r  -  f  ■ 


-—,-4  ^t- 


I 


drops 


~n7 


Numbers  of  **Ups"  in  each  group 


■  ) 


404  ■/ 


.  PSla6 


The 'graph  of"  the  second  set  -of  nufiibers  is: 


4- 

3 


Figure  2 


\  Nvfflbe'r.  gf  "Ua^!"  ia'lZ  iiroups  jil  .20  jdrc^pa 


0|  / 


V 


number       "lips'!  ii^  each  jgroup 


J-JL 


From  looking  at  these  two  gTaphs ,  which  set  of  numbers  -  seems  to  show  - 
greater  variability?  . 

Ill*    Tije  Method  cf"^ Comparing  Quartile  Ranges 

« 

To  use  this  method,  we  arrange  the  number  of  ups  per  group  ln_ order 
of  size  for  groups  of  5:  .  . 

1,  iM,  2.  2.  2,  3,  3v  3,  3,.  3,  4 
Further,  for  groups  of  20: 

?,  8,  8,  10,  10,  10,  11,  12,  12,  12,  12i  14      .  ,  • 


*  We"^ 

"largest"  (25%) 
are: 


en  find  the  quartile  range  of  each  set  by  discarding  the  three 
and  the  three  "smallest"  (25%)  numbers  in  each^     The  number&sj^eft 
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9 

4 


\ 


V  2v^2,  2,  3,  '3,  3 

■    ^  *  ^  f  *        ■  ■  ■  .  \ 

J     V      10,  10,  10,  11,.  12,  12    *  .  .      ;•       '  .  ^  N 

vN        •   •       ..  .*    '  ,      •    '  -* 

I    ■  ■       .  ^  in  *  i 

•Fdr  these  "triimned"  sets  of  numbers ^  we  compute  the  ranges:  ( 
3      2  »  1  cfuar,tile  range  for  first  set  of  numbers  (groups  of  5) 
12^  10  *  2  quartlle  range  for  second  set  of  numbers  (groupsr  of  -  20)|^ 


.From  comparing  the  quartlle  range! ,  which,  set  of  Members  seems  to 
show  the  greater  variability?  ^ 

When  we  were  using  10  groups  of  5  drops  each,  we  ^ad  a  sample 'size 
n,  equal  to  5. .  _  ^  , 

When  we  were  using  10  groups  of  20  drops  each,  we  had  a  sample  size 
n,  equal  to  20,  . 

In  general,  when  we  increase  the 'sample  size  by  making  it  4  times  as. 
big,  the  variability  of  the  total  number  of  U  s  would  be  expected  to  increase 
by  a  factor  of  2.    Consequently,  mathematicians  say  that  the  variability^  of 
the  total  number  of  U^'S  increases  as  ^* 

Ev^fK though  the  second  set  of  numbers  (the  large  sample  size) 
seemed  to  show  mWe^v^riabllity ,  there  is  some  sense  in  which  it  really 
shoves  less  vari^ility.  What  do  you  think?  How  would  you  suggest  we  deal 
with  these  two  sets  of  numbers? 


number  o^U's-^s  1 


Eveft  though  the  total  number  o^U's-^s  harder  to  predict  for  larger 
samples,  the  propoi?ti^al  occurrence  of  U's  is  easier  to  predict  for  larger 
samples.  /  ^ 

Let*8*te8t  thia  Idea  by  each  of  our  3  methods  for  comparing  variabi^i 
Earlier,  we  compared  the  variability  of  the  t4>tal  number  of->II's»    We  now 
compare  the  variability  of  the  proportional  or  fractional  nMber  of  U^. 


PS  1-8 


/ 


i 


The  fractional  oumbei*  of,  U's  iti  the  5  dyop^c^se  can  be  found  by 

4 


4 


Caklrig  t^e  total  number  |bf  uS: 
■  .  2,~3,  3,  3,  4,  1,  2,  3,  ,3,  2,  .2,  It 


^     and.  dividing  by  the  total  number  of  drops  (in  this  case,  5): 

'  ^'  .  ^  ^     .  f     .  .  ^  . 

2,'  3,  3,  3,  4,  1,  1,  3,  3/  2,  2,  1  '  ' 

-5    5  5    5  '  5    5    5    5    5    5    5    5  •  N 

To  more  easily  compare  with  the  fractions -^in         20  Ax 

tauitipiy  both  numerrator  anp*  denouiinator  by  4,  getting: 

'  12,  i2,  12,  16,  „4»         12»  12.        ^  ^ 

20    20    20    20    20    2a    20    20    20    20    20  20 

,  '  ^         .  t  ^ 

•  for  the  groups  of  20  drops  we  get  J  .     ,       '  ^ 


op  set^we 


1 


'.:y- 


•14,    7,  .12,  12,  ii,  H,*  11,  10. Il,  12,  10,  10  k 
•20    20    lo    20    20    20    20  ,  20    20  *  20    20    20     S  ' 


Can  you  tell,  by  j^st  looking,  which  set  of  numbers  varl 


f 


4 

4- 


Method  II:    Comparison  by  Graphs ♦  .  *  * 

We  shall  mark  both  sets  of  numbers  on  the  same  graph,  using  x's  to 


indicate  the  1st  set,  and  0*s  to  indicate  the  2nd  set; 


I 
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ftequeh 


ot  "|jps ''iji- Ggou|)8       ^  aid  p  ,tos3es 


......   J.  j....,^.-^.,/'.^,.  ^ 

\ 


7 


7 
X 


-  r 

i 


I 


1 


0 


5, 


■ii 


"St^action^,  aumber..  of  rll'is  per  jgroup 


Figure  3 


I- 


X 

a 


jroips 
:os  ses 


:o6 


8 

5es 


pf  5 
ea:h 


of 

ea 


20 
fch 


,  *     Which  Sft  of  iiumbers  shows  greater  consistency?    Which  shows  greater 
variab:^lity?    Did  it  work  out  the  wa)^  you  expected? 

III."  The  Method  of  Com^tlng  Quartlle  Ranges  ' 

& 

The  1st  set  of  numbers  (proportion  of  U's  in  groyp  of  5  drops)  in 

order  £^  size- is: 

0.2,  0.2,  0.4,  0.4,  0.4,  0.4,  0.6,  0.6,  0l6,  0.6,  0.6,  0.8 
We  delete  the  three  (25%)  largest  and  the  three  (25%)  sniallest  to 

get  a  "ttinmed"  set  of  numbers: 

'    0.4,  0.4,  0.4,  016,  0.6,  0.6  , 

The  quartile  range  is0.6-^4*»0.2. 


a/ 
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The  2nd  setjof  numbers*  (proportion  ot* U[s  i^n"^ roups _  of  20  drops)  Is,: 

0.35,  0.40j  0.40,  0.50.,  O^SO,  0.50,  O-Ss,  X)v60,' 0.60, 'Cr.eO,  0.60,  0.70. 

>^  If  We  omit  the  three  largest  and  tAree  spiallest,  we  get  the  "trimmed*'  '  * 

•  (     ^  * 

set  of  numbers :  .  I  i 

0:50,  0.50,  0.50,  0.55,  0.60,  0.60 
yhe  quartile  range  »of  this    trimmed"  set  is  0.60  ^  0.50  =  0.10 

Does  the  total  number  of  m's  varyimore  in  large  samples  or  in  small   *  ' 

*  samples?  ^..^  '    ^  •  ♦  . 

Does  <the  proportion  of  U^s  vary  more  in  large  aamples,  or  in  small 

•  '  ,  ,  %  • 

samples?       .  *         >    >     ^  ^ 

•    '  •        ..  .     ,    "  • 

Earlier  we  showecU         the  variability  of  the,  total  number  of  U^s 

^  '■  ■  ^  ^ 

increases  as  -w^  ijrt:iere  n  -  sample  ^ize.     In  the  fractional  {proportion  of  U*s, 
•    •  *^  .         '  •       '  • 

however,  tfie  situation  is  quite  differen^t*    Here,  if  we  multiply  .the  sample 
size  by  4,  the* variability  of  the  frac^^onal /proportion  of  U^s  decreases  by  a 
•.factor  of  2.    Ct>nsLe^uently ,  mathematicians  say  that  the  fractional  proportion 

•  of-y^s  decreases  like    1     .  '  .     .  '  ^ 

%      ^        *      We  can  doublecheck  the  ideas  we  have  dlscuss'ed  earlier  by  ..collecting 

.     ' .  • 

more  data. 

•  *  ■  - 

.  Each,  student  in  a  6th  grad^j^lass  in  Lexins|;on,  Mass.  tossed  thumbtacks 

and  retiorcied  the  data  for  10  groups  of  5  t^sges  each.    This  provided  total 

'        ■    ■'      '        '  ' 

res<flts  fcvr  240  groups  of  5  tosses  each.    They  then  combined  their  data  into 
60  groups  of  ^0  tosses  each.    The  first  two  frequency  distrlbittlon  graphs    ^  a 
(figs.  _4  &  *5)  show  the  variation  in*  the  total  numb^er  of  ''Ups''  in  groups  of  5  and 

4         .  .  . 

20  tosses.    The  third  frequency  distrib^ion  graph  shows  an  one  graph  (Figure  6) 
,  the  fractional  number  bf  "Ups"  in  groups  of  5  and  20  tosses. 
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Figure,?  shows  the.  variation  in  qiiartile  range  with  sample  hize.  ♦ 
Ohe  line,  (markeci  with  x's)shows,  th^t  the  quartile  irange  of  total  number  of 
"Up^'  increases  frcfci  about  2  to  4  with  inerease^in  sample  size  frgp  5.  to  20 
tosses.    This  ponfirms  the' StatenTent^ that  the  Variability  of  the  total  number 
of.  *tlps*^  increases  as  The  other  line  (mar kec^  with  o^s)  shows  that  quartile 

^  '    '  ■    '    .  \  " '  ' 

range  of  fractional  number  of  "Ups"  decreases  froui  afcfeu^  4  to  2  WJth  an 
^increase  in  sample  size    from  5  to '20  tosses.     This,  likewise,  confirms  the 
statement-  that  variability  o£  fractional  numb&rs  of  "Ups"  decreases  like    1_  . 

.   % .       Frequency  Distribution  Graphs  .  ' 
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Figure  4 
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Education  Development  Center,  Inc. 

WEATHER  PREDICTION  " 

Bob  Renard  '         .1         -  ' 

I.    Introduction  ^     '  .  " 

Weather  Prediction  is  not  new  to  any  of  us— ch-ild  or  adult.     It.  comes 
naturally.    An  implied  weather  forecast  is  make  by  a  child  who  looks  out  the 
window  and  says,  "It  looks  lihce  rain,  Momiy,"  or  by  his  father  who  says,  . 
"aiess  I'll  take  my  heavy  coat  today;  whenever  the  north  wind  blows  in  the 
morning,  it's  cold  all  day."    The  prt^fessional  weather  forecaster  does  that 
same  type  of  thing  for  a  .living,  having  dyne  qiiite  a  bit  of  serious  study  of 
the  atmosphere.    Pages  PS3-9  an4PS3- 10  contain  a  policy  statement  of  the 
American  Meteorological  Society  on  weather  forecasts  ^nd  the  degree  of  skill 
(accuracy  ^ceedlng  levels  obtained  using  persistence  or  climatology  methods) 
•possible  for  various  range  forecasts.  ■  - 


But  one  doesn't  need  to  be  a  pro  to  be  a  success  at  prediction,  as  long 

'as\^th'e  problem  is  approached  properly.    Walking^efore  running  in  this^case 

means  forecasting  for  tne  short-range  period  first,  U-e,  up  tp,  24  hours),' 

♦then  gradually  wo^kiCg  up  to ^ the  bigger  problems,-  as  medium  range  (24  to  36 

4  ■ 

Jiours)  and  then  all  out— 2,3,— n  days!         ^  *  ^ 

.  •    One' Should  not  try  to  compete  with  the  professional  forecaster,  at  * 
least  initially.    Frustration  and  disinterest  are  sure  to  follow.  Concentra- 
■  '  tion  oi^scientiflc  approach  (via  simple  mathematics  and  statiatlcsj,  using 

quantitative  .observations  of  weatl)fer  and  its  changes,  and  anlyses  o^  the 
^  "    interrelations  of  weather  elements  should  be  basic  to  the  forecast  made  by 
the 'students;  '  .  i. 

II.  Short-RanRB  Weather  Preddction  _  ^ 
*         Thei  f  irst  attempt  at  forecasting  ought  to  be  short-range  prediction. 
'  V      For  .our  jjurpos^I'd  define  this  as  a  period  no  gyeater  than  24  hours  and 

Hi  .  ^ 

Copyright  1973,  Education  Development  Center.  AJl  vlghts  reserved. 


composed  of  two  part^sjor  stages  1  t 

1)  within  the  classroom  day  plus  or  minus  an  hour  or  t*wo  (as  8iVM  to  6PM) 

■    -  •       ■' ) 

and-        '  •  .  ,  .  . 

2)  the  night  following  the  classroom  day  plus  or  min^s  an  hour  or  two  * 
(as  6PM  to  SAM).  ,  • 
The  forecast's  in  these  time  periods  will  be  mainly  ones  of  predicting' the 

>.  '  * 

•         •.*'-•  '  ■  ' 

Intradlurnal  changes  (i.e.  changes  within  a  24-'hour  day).  There  is  nothing*^ 
more  regular  in  the  atmosphere'  than  the  intradlurnal  change  of  a*  weather 

0  ^ 

eleipent  ™in*many  cases  approaching, /the  regularity  of  the  rising  and  setting 
of  the  s^n  and,  indeiad,  closely  tied  to  thatj phenofiienon! 

A#  Temperature  Forecasting^        ,  . 

'As  an  example  oJ  approach,  consider  surface  temperature,  an  important 
and  -easyta-^ork-wlth  weather  element.    Professionally,  surface  temperature 
is  the  air  temperature  measUf;ed  In  a  little  white  box  to  kefep  out  the  sun*s 
xays^,  sitting       legs  six  /eet  abdVe  the  ground,  with  louvered  sides  to  let 
the  air  pass  freely  through*    ^hese  are         temperaturea^you  see  in^he  news- 
paper  or  on  TV  or  hear  on  the  radio.     Figure  1  shows  schematically/ the  tem-- . 
perature  as  a  Junction  of  time.    Such^  a  curve  represei\t:s  the  average  intra-- 
diurnal  temperature' prof lie.     One  like.lt  can  be  drawn  for  any  locality.  ' 
The  average  of  any  werather  element  over  ar  period  of  years  is  referred  fo  as 
the  cllmatological  value. 

Find  out,fro«n  your  local  full-^sgrvice  or  elimatologic^l  rational  Weather 
Se^rvlce  station  what  the  average  intradlurnal  temperature  curve  looks  like 
for  each  month  in  your  city.     In  addition  (or  perhaps  as  a  substitute), 

 r  '  ^  ^  

-^Major  weather  elements  are  temperature,  wind  (speed  and  direction  pressure^ 
'moisturfj,  visibility,  sky  condi^'ion  (clear,  cloudy,  etcK  precipitation 
(rain,  snow,'  etc.)V  ^  1  - 

^An  (Jbject  exposed  to  the  sun  will  become  hotter  than  the  air  which  lets  the 
sunlight  .through  comparatji^yely  easily.  • 


PS3-3 

children  should  gather  the  data  and-  construct  their  own  cun4s,  covering  as 
much  of  the  day  as  possible.    Time  of  minimum,  although  usn^ly  close  to 
sunrise,  may  differ  from  locale  to"  locale j  the  time  of  maxim,  although 
usually  around  2  or  3PM  for  stations  in^he  interior  may  be  closer  to  llAM 
or  12. noon  for  statibns  on  or  near  the  continktal  coasts.    {Standard  times:) 
I .  Predicting  Today's  Maximum  TeonP era ture.;    Armed  with  the  'intradiur- 
nal  temperature  curve  for  your  city,  you  are  ready  to  start  simple,  but  ^ 
meaningful,  prediction.     Try  the  following  on  forecasting  today's  maximum  . 
temperature.  ^ 

'  a.  Simplest^  approach:    Assume  the  average  or  climatological  t^- 

.  perature  curve  will  prevail  today  and  hence  represeht  the  best  estimate  of 
today's  or  any  other ''temperature.  A  student  will  soon  learn  that  this 
is  not  the  best  approach  and  he/she  will  inquire  as  to  how  to  improve  the 

forecast  accuracy.      '  ,  # 

b.  Persistence:    Before  doing  other  things  with  the  intradiurnal 
curve  ivy  the  following.    Since  most  of  us,  in  whatever  city  wet are  located, 
experience  similar  weather  over  severil-day  peiriods,  we'll  say  that  yester- 
day's temperature  maximum  is  the  best  guess  for  today's  maximum.  -This 
approach  is  called  persistence^.    Again  we  soon  find  out  th^t  this  method 
,  leaves  something  to 'Ije  desired,  although  much  b^ette^  than  a.  above.  And, 
the  challenge  goes  on!  . 


^Simplest  means  scientifically  simplest  here.    Perhaps  you  should  start  with 
the  pure  guess.    Even  the  lucky  guessers  won't  st^y  in  business  more  than  a 
day  or  two.    They  will  be  willing  to  convert  to  the  forecast  methods  having 
some  scientific  validity  and  chance  of  success. 

^«oCe  the  attached  Policy  Statement  of  the  American  Meteorological  Society. 

"a  statement  issued  to  indicate  to  the  American  public, the  current  state  of 
forecasting.    Climatology  and  persistenceSnre  noted  ^n  the  third  paragraph. 
To  earn  his'ke^ii^a  proressional  forecaster's  predictions  must  be  an  i^P'o^e- 
ment  over  climatology  and  persistence,  but  this  is  where  the^ptP  starts,  too 
—and  many  times  he  never  gets  much  beyond  the  accuraey^r^^  these  two  basic 

' approaches i 


More  with  the  intradiurnal  curve:    Given  the  tempetature  at  any 

hour  during  the  school  day  (you  observe  it  or  call  the  National  Weather 

Service  station)  and  the  climatological  intradlurnar  temperature  profile, 

can  you  predict  the  maximum  fpr  the  day  and  come  closer  than  a.  or  above? 

0  ^ 

Yes!    For  example,  suppose  at.  9AM  today  the  temperature  is  3  F  higher  than 


X  iix  ^'  ^  *     *  '  ^ 


tHe  average'^-9AM  temperature  (se^  X  Ui  Figure  1).    Simple  prediction:  the 
laax  wiH  be  3  F  higher  than  the  climatological  max.     (See  M  in  Figure  1.) 
But<  alasf.  as  it  turns  out  the  maximum  was  reached  at  4PM  and  was  at  M  .  So 
we  still  "blew"  the  fOTecast,  but  only  a  little  I  .  < 

What  next?    Can  we  still  stay  with  the  simple  prediction  approach  . 
and  yet  get  a  bit  more  complex?    Ye§,  again!    We  have  Just  used  climatolQgy  , 
and  we  find  that  it4(>roperly  suggests  the  temperature  rise  and  fall  as  a'  ^ 
function  of  the  hour  of  the  iday,  but  eafch  day  has  its  own  uniqueness,  to  the 
extent  t^iat  both  the  time  and  magnitude  of  intradiurnal  changes  differ  due 
to  the  variation  of  other  weather  element St 

»       '  d.  T^nperature  versus  other /weather  elements:    At  this ^polnt  we 
can  bring  In  the  othe^  weather  elements,  as  sky  cover,  pressure,-  w^ds, 
moisture,  etc.     It  soon  becomes  evident  thmt  the  atmospheric  elements  are  as 
interrelated  as  bones . in  our  boHy.     The  day  on  which  we  "blew"  our  forecast 
(in  c.  above)  was  cloudy  in  the  ioniingi  clear  in  the  afternoota  and  winds 
shifted  from  nor th^^  to  ^uth  between  morning  and  afternoon.    T^at^s  hardly 
an  average  day  anyplace  so  we  wouldn't  expect  th^  climatological  temperature 
curve  to  yield  a  perfect  forecas^t.     The  situation  just  presentedr  could  be 

•    ,  y  7 

analyzed  as  follows^'    Clouds  usually  keep  the  ^temperature  lower  during  the  ^ 
day,  but  if  it  were  cloudy  all  night  the  temperatures  would  start  put  higher 
in  the-mor^iing  hours,  especially  with.  a|ty  stirring  of  the  air  (wind),  while 
clear  skies  anjl'  south  winds  relate  well  to  hlgher-^than-normal  temperatures. 


north  wind  is  a  wind  blowing  from  the  north. 
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and  a  delay  in  the  Insulation  due  to  clouds  wil3f^  ^elay  the  time  of  the  maxl- 
.    mum.    But,  you  really  don't  need  to  k|rf[ow  all  thisr-let  your  mathematical- 
.statistical  tools  bring  out  these  relationslilps  between  weather  element^. 

Thus,  on  a  pegboard  or  some  such  similar  correlatio^ device  used 
record  and  analyze  the  relation  of  one  element  to  another,  it  would  be  well 
to  identify  the  maximum  temperature  ajid  the  time  at  which  it, occurs,  on 
'  clear  days  in  one  color,  on  partly,  cloudy  days  in  another  color,  on  rainy 
•     (snowy)  days  in  another  color,  etc.    Further,  the  direction  from  which  the 
wind  blows  also  relates  to  the  maximum  t^perature.   , Thus ,  ^another  pegboard, 
another  set  of  color  codings.     It  will  become  obvious  very  quickly  that  sky 
^''condition  and  wind  direction,  amt/ng  other  fhings,  are  relat|ed  to  the  time 
and  degree  of  maximum  temperature  and  that  tl^  cllmaiological  temperature 

•  T  »  y 

profile  is  just  a  gefSd  starting  point.  Therefore,  we  can  better  oui;  fore- 
casts  by  knowing  what  kind  of  day  it  is— clear,  cloudy,  windy,  snowy,  etc. 

2.  gredicting  Tonight's  Minimum  Temperature.  Sho»t-range  forecasts 
for  the  period  (approximately)  4PM  to  SAM  th^next  morning  are  also  fairly 
simple.    The  same  rules  and  tools  used  ^of-  the  maximum  temperature  forecasts 


apply  here.  There  is  the  additional  benefit  of  spreading  the  student's 
interest  to  ^tside  classroom  hoairs  but  still  staying  within  the  simple 


gut  si 
l^S 


intradiurnal  pgFiod.     If  a  student  looks  at  the  thermometer  near  daybreak 

•        .  •  ■  '  1 

(which  is  not  too  hard  in  the  wintfer) ,  this  will  be  closer  to  the  minldtim  on 

man^  days, 

B.  Forecasting  Other  Weather  Elements  * 

Approaches  similar  to  that  used  for  temperature  can  be  applied  to 
relative  humidity  (expresses  the  ratio  of  actual  moisture  in  the  air  to^  the 
maximum  amount  the  air  can  hold  at  the  gi^en  temperature) . ,  The  intradiurnal 
r^Jative  humidity  curve  is  nearly  out  of  phase  with  that  of  temperatur^. . 
(See  Figure  2.)  \ 


Or,  try  wind  speed,  whcfse  Intradiurnal  curve  usually  resembles  that 

of  temperature  /Figure  2),  or  try  pressure,  although  this  element  is  more 

complex  since  the  diurnal  pressure  curve  looks  like  that  shown  in  Figure  3. 

■  t 

A  further  complication  with  pressure  is  the  hour--by-hour  change  ip  pressure 
due 'to  changes  in  the  weather  pattern.    The  changes  in  pressure  due  to  the 
vi^ther  pattern  are  much  larger  than  the  diurn^i  changes.    Consequently,  the 
intradiurnal  effect  is  masked  by  the  larger  changes,  especially  in  winter 
and  at  higher  latitudes,  making  it  very  difficult  to  measure  or  predict 
diurnal  pressure  changes. — (liota^- Changes  in  the  weather  pattern  are  in- 


volved  in  the  medium  ^and  long'-range  forecast  problem. )  ^ 

Other  weather  elements,  as  cloud,  precipitation,  visibility,  and  wind 
direction  haVe  only  subtl^e  intradiurnal  changes  in  most  areas  ^nd  at^most 

times  of  the  year,  and  so  are  not  apprdpriate  for  the  sho?^:--range  approach 

f 

discussed  to  ^this  point.     For  the§e  elements,  the  methods  of  the  medium 
range  apply,  even  ior  periods  less  than  24  hours. 
C.  Final  Remarks  -       '  ^ 

Introduce  th^e  simple  short-range  prediction  on  ^ys  when  a  small  . 
^*^-«l^ange  in  weather  pattern  is  not  expected.     (The  teacher  should  keep  abreast 

of  the  local  forecast  from  thp  National  Weather  Service.)    After  introduc-- 

.  ^' 

tiorj  of  the  prediction  scheme  it  won't  make  any  difference  on  which  days  the 

scheme  is  applied.     In  fact,  a  day  showing  an  unnsual  trend  of  a  weather 

element,  like  the  higheet  daytime  temperature  in  the  morning  and  lowest  in 

the  afternoon  is  a  good  opportunity  to  make  the  student  v^wape  of  the  f^ct 

that  a  change  in  temperature  over  some  per:|.od  of  time,  such  as  12  or  24 

hours,  represents  that  p^rt  of  the  change  closely  related  to  the  time  of  the 

* 

day  (intradiurnal)  plus  that  part  of  the  ckange  due  to  changing  weather 
#  i 

iB^tems  (interdiumal) .    jEnterdiurnal  is  the  change  from  one  .day  to  the 

•  -  * 

next  (as  from  9AM  today  to  9AM  tomorrow,  or  the  difference  between  the 


ii9 
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imum  today  and  that  of  tomorrow).     If 'the  temperature  falls  during  the 
day         interdiurnal  is  marking  the  Intradlurnal  changes.     Such  events  do 
oc^ur.    MoreNon  this  in  the  sections  on  medium  and  long-range  forecasting. 

A  very  satisfying  part  of  the  short-range  prediction  is  the  chance  'to 
verXfy  (determine 'the  accuracy  of)  the  forecast  by,  or  even  before,  the  end 


of  the.^ohool  day.     In  other  words  the  Student  ^can  find  out  how  well  he  or 

she  is  doAg  Ih  prediction  not  too  long  after  the  prediction  Is  made. 

 Ik. 


/ 
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At  lnlan,d,  location 
during  a  summfer  day 
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At  Inland  location 
during  a  auimner  day 


At  Inland  locatl^on 
during  a  summer  day 
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PdLICY  STATEMto  OF  TftE  A^ffiRICAN  METEOROLOGICAL  SOCIETY  ON  WEATHER  FORECAST- 
ING (Reference:    Bulletin  of  the  American  Meteorolog.ical  Society,  January 
1973)  •    .  ' 

^One  of  the  most  important  activities  in  the  field* of  meteorology  is 
the  preparation  of  weather  forecasts  as  a  vital  ^^ervlc(e  to  pubtic  and  pri- 
vate interests.  Weather  forecasts  are  used  by  individuals  to  guide  their 
dally  living  and  by  industry,  agriculture,  forestry,  coimnerce,  transporta- 
tion, axui  government  to  guide  their  ope|:ations<    The  widespread  tieed  fov 
accurate  advice  on  expected  future  weather  conditions  and 'the  critical  de^ 
pendehca  of  public  safety  aiid  welfare  upon  the  quality  of  s,uch  information 
make  it  deisirable  to  describe  the  present  weather  forecasting  capability^ 
of  the  meteorplogical  profession.  '  4 


With  the  introduction  of  high-speed  computer^  into  numerical  weather 
prediction  in  recent  years,  along  with  Improved  numerical  descriptions  of 
the  real  atmosphere,  and  the  development  of  iiK>dem  observational*  techniques^ 
such  4s  radar  and  weather  satellites,  foracast  accuracy  has  shown  a  sign!-* 
f leant  improvement.    Althoiigh  thb  national  econon^  directly  benefits  from 
Increased  forecast  accuracy,  phe  value  of  a  weather  forecast  depends  ;iot 
only  on  its  accuracy' but  also  on  the  manner  in  which  it  is  utilized  and^  the 
method  by  and  speed  with  which  It  is.  communicated  to  us^rs. 
*  « 

Forecast  accxiracy  attained  by  procedures  such  as  predicting  that  the 
v^f^ather  will  remain  unchanged  (persistence)  or  by  predictixx^  average  wea- 
ther occurrences  based  upon  past  we&ther  records  (climatology) ,  or  simple  - 
>^ variations  on  these  procedures,  serve  as  objective  bases  for  measuring 
forecasting  skill.    ITnlass  forecast  accuracy  exceeds  levels  acliieved  by 
£asic  methods  such  as  these,  skill  cannot  be  said  to  exist;    MoreoveV,  ffkill 
in  weather, forecasting  varies  with  the  meteorological  situation,  geogyaphl* 
cal  area,  and  season.  ^ 

-  "  Weather  forecasits  prepared  by  professionally-trained  pers'onnel  pres- 
ently achieve  the  following  levels  of  skilly  on  the  average: 

Fbr  periods  up  to  48  hours,  weather  forecasts  of  considerable  skill  and 
utility  are  attained.    Detailed  forecasts  of  weather  and  its^ changes  can 
be  made  for  the  first  36  hours.    Probability  estimates  markedly  incifease 
the  information  con^oat  of  such  forecasts,  especially  with  regard  to 
precipitation  occurrence.    In  this  period  skill  is  a  maxiimmi  in  predicting 
the  motion  and  general  effects  of  weather  systems  having 'diJ^he^is ions  of  five- 
hundred  miles  or  more.  However,  small-*scale  features  imbedded  in  these 
systems  cause  hour-to-hour  variations  in  weather  which  are  difficult  to  ^ 
predict,  especially  for  local  areas  with  irregular  topographs.    Also,  the 
ex^ct  location  of  certain  highly  significant  weather  phenome^,  such  as 
severe  thimderstorms  and  tornadoes^  cannot  be  forecast  accurately  with 
9^&ky  de^ee  of  skill  beyond  a  few  hours,  althou^  the  general  area  of  severe 
storm  activity  may  be  pr^icted  up  to  24  hours  in  advance*    Accurate  fore- 
casts for  infrequent  events  such  as^eavy  snow,  slaet  and  damaging  vftnds 
are  usually  liMted  to  periods  not^ceedlng  hours. 


i22  < 


r 


V 


PS3-10 


For  periods  up  to  5  days,  daily  tcnq)erati«'e  forecasts  of  moderatcj  skill  and 
usefulness  are  possible  for  periods  extending  to  about  5  days.  Precipita- 
tion forecasts  to  3  days,  at  an  equivalent  level  of  skill,  can  be  njade,  but 
the  skill  drops  to  marginal  levels-  on  the  fourth  and  fifth  days. 

I  ' 

For  periods  of  more  than  5  days,  average  temperature  conditions  for  periods 
from  a  week  up  to  a  sjoath  or  season  can,  be  predicted  wi^h  some  slight  skill. 
Day-to-day  or  week-to-week  forecasts  within  this  time  irange  have  not  demon- 
strated skill.    There  ia  some  skill  ija  prediction  of  total  precipitation 
axQounts  foir  periods  of  5  tb  7  days  in  advance;  skill  for  longer  periods  is 
marginal.  •  •  ' 


.  Recent  theoretical  work  on  atmospheric  pre4ictability  indicates  that 
the  intrinsic  properties  of  the  atmosphere,  together ?with  the  impossibility 
of  observing,  every  detail  of  atiMSpheric  beh^j^or.  Impose  an  upper  limit  for 
the^  pr^iction  of'  day-to-day  weather  chang^   This  period,  is  believed  to 
be  about  one  to  tt/o  weeks,  depending  on  the  criteria  xjsed  to  define  a  usefu^ 
forecast*.    Present  day  forecasting  accuracy,  as  cl^d  above,  falls  short  of 
the  stheoretical  limit.    There  are  also  limits  to  the  esctent  of  time  for 
which  average  quantities  such  as  weekly  or  monthly  mean  tes^eratures  can  be 
forecast,  but  theoretical  estijnates  o£  these  limits  are  not  available  as  yet. 


4 


23 


\ 


ERIC 


PS4-1 


^  USIVIES 

(&  1973  Education  Development  Center,  InC. 

DESIGN  OF\|]yt^EYs)  AND  SAMPLES 
by 

Susan  J.  Devlin  and  Anne  E.  Freeny 


In  several  of  the  USMES  units,  a  class  is  likely  to  decide  they  need  to 
know  something  about  a  group  of  people  in  order  to  cajrry  out  threir  project. 
For  example,  in  the  Human* Porportlons  unit,  if  they  decide  to  make  andjsell 
aprons,  they  would  need  to  determine  what  sizes  the  aprons  should  be  and  how 
many  to  make  of  each  size.    Or  in  the  Soft  Drink  Design  unit,  if  their  goal  is 
to  create  a  new  soda,  they  might  'decide  to  find  out  what  sodas  are  most  popular. 
In  both  cases,,  the  class  will  have  to  decide  how  to  collect  the  information 
that  they  need  to  know.    A  procedure  which  collet^  opinions  or  measuremem 
about  people  or  some  other  item  is  called  a  survey.    When  only  some  o|-  the 
people  or  items  one  is  interested  in  are  measured,  it  is  called  a  Sf 

survey  >  ,  ■  . 

This  paper  discusses  two  major  areas  to  *consid|^in  assuring  that  the 
survey  results  will  be  useful.    These  are  sutVey  design  and  sample  design. 
Survey  design  includes  determining  what  characteristics  to  measure,  how  to 
measure  them,  and  whAm  to  measure.    Sample  design  is  concerned  with  choosing 
a  fair  sampling  procedure  so  that  results  from  the  sample  will  accurately  re- 
fleet  the  behavior  of  the  items  of  interest.  *'  ^ 

I.       Survey  Design  -  Whdt  to  Measure  , 

'  The  first  and  most  important  step  is  for  the^ class  to  decide  exactly  what 
-  they  need  to  know.    Too  oftai  when  the  objectives  of  ^survey  are  not  well  form- 
ulatfd  the  survey  results  are  less  useful  than  they  should  be  for  one  or  both 
of  the  following  reasons !   .  \  .    -  .  , 


r 
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1.    Not  all  the  inforaat ion* needed  is  collected* 

The  wrong  information  is  collected,  >  ^ 

The  following  discussion  tries  to  indicate  how  what  the  class  ne^ds  tp  know 
might  be  expressed  in  order  to  make  it  more  likely  that  the  right  information 
w\li  be  collected  ♦  ^ 
Ecr  the  aproi^' example,  the  class  must  go  from  an  objective  of  determining  ' 
apron' size  to*  a  more  specific  statement -of  what  body\^engths. are  needed  to- 
determine  the  different  sizes.    If  the  class  simply  says  that  th^y  need  to  know 
hew  many  big  children  and  how  many  small  children  there  are,  the  resulting 
measurements  in  terms. of  %lgness"  might  be  height  and  weight.    Deciding  what 

J- 

to  meastire  for  an  apron  size  requires  knowing  what  the  pattern  .for  an  apron 
Should  look  like  and  what  s^asurements  are  needed  to  cut  this  apron  to  fit  a 
person*    Glv^  th^t  the  aprons  are  to  be  as  in  the  diagram  below, then  the  body 
measuresients  needed  are  '  ^  ^ 

the  waist ,  ,  .  ' 

'       the  length  from  nec^  to  waist,  and 

the  length  from  waist  to' knees*  ' 
Clfe^arly  height  and  weight  would  not  be  sufficient  to  determinfir  an  apron  size 
^and  the  three  "measurements  given  above  are  the  Informatiron  which  should  be* 
collected  by  a,  survey.    Then  how  many  aprons  to  make  of  each  size  can  be  decided 
from  the^^ryey  results.  *  # 

In  the  soda  example,  problems  may  be  caused  by  tbe  difficulty  in  expressing 
precisely  what  it  is  the  class  needs  to  know.    Suppose  the-  class  has  decided  to 
find  out  "what  sodag  are  most  popular."    Does  "most  popular"  refer  to  the  soda  _ 
which  is  liked  the  or  tjhie  on6  that  is  bought  the  most?    A  soda  liked  best 
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may  not  be  bought  the  most  because  of  the  costs  of  different  sodas •  Does 

'  ■  a'  * 

"soda"  mean  a  brand  name  or  a  flavor?    If  the  class  plans  to  create  a.  new 
soda^it  would  appear--  that  asking  about  flavor  preferences  is  piore  relevant 
to  their  objective  than  asking  about  braCnd  preferences.    A* precise  statemetxt 

^  ^     r  ,  • 

of  objective  here  might  be  ^hat  they  need  tir  know  whai  soda  flavors  people 
like  the  best.  .  , 

II.      Survey  Design  -  ^ow  to  Measure 

There  are  two^  types  of  jtoeasuren^nts* being,  made  in  our  examples,  physical 
measurements  and  opinion  or  preference  measureMmts,    Physical  measurements  are 
usually  well  defined  by  having  decided  ^Vhat  to  measure"  (for  e;;^ample,  heights,  • 
-heights,  nundjet  of  children^er  famipt^^  etc.)  and  questions  about  them  are 
easily  phrased  in  terms  of  the  measurement,  units.     (How  many  inched  ^tall  are 
yout  how  laany  oun<2es^^  soda  are  there  in  this  bottle,  hon&riiany  children  are 
there  in  your  f  raiily?)    thus  in  the  apron  example  t^e  class  cane's  imply,  ^measure 
the  decided-upon  lengths  in  inches.  /  \  . 

Preference  otj  opinion  measurements,  which  are  unitless  quantities,  are 
another  matter.  Here  seemingly  straight-forward  questions  can  measure  somethixig 
other  than  what  is  desired,  and  there  are  real  dif f icujties.  in  determining  '*how 
to  measure^"  i.e.,"^^at  the  right  questions* are.    The  rest  of  this  section  is 
devoted  to  using,  the  sdda  exampl^o^to  show  first  how-^cer tain  questions  can  be 

inapprot>riate ,  and  then  how  opinion  questions  can  be  worded  to  get  meaningful 

•  ^  ■    *  ■  ■ 

results.  '  *  V 

Having  decided  that  they  are  interested  in  flav!^  preferences,  a  class  is 

'   '  .    •  • 

likely  to  compile  a  list  of  ^11- the  naaes,  probably  by  brand  name,  of  sodas  that 
they  can  think  of  , and  then  survey  g^a^ie  by  asking  them  to  pick  from  thafi  list 


<26 


which  one  or  sever<al  they  like  the  best.    Some  problems  arise  with  wording  a 

(juestlon  in  this  way  because  it  is  not  clear  what  the  answer's  really  mean. 

First,  }.s.;:his  question  finding  out  'brand  preferences  or  flavor  preferences? 

When  totaling' which  drinks  are  checke^most  often  as  favorites.  Coke,  Pe"psi, 

RC  Cola,  and  other  cola  drinks  may  riot  be  among  the  top  favorites  ejj^  .though 

cola  flavored  drinks  are.  the  single  most  popular.    Even  being  av^are  of  this, 

how  should  brand  name  results  be  combined  into  groups  to  give  information  about 

»  • 

flavor, preference?    k  second  problgjn  is  that  dislike  is  confused  with  having 
never  tried. the  drink.    Third,  does  "like  the  best"  necessarily  mean  "taste 
the  beat"  to  everyone?    Perhaps  some  people  like  a  d/ink  not  only  because. it 
Ij^stes  good  but  also  because  it  is  less  expensive.    Finally,  a  survey  conducted 
in  waV  requires  recognition  og  a  brand  riame.    A  favorite  soda's  name  might 

,not  be  recognized,  and  ''a  child  may--theck  a  less  preferred  but  well  advertised 
brand,  ap  that  an  advertising  effect  has  itifluenced  the  results.    All  these  / 
problems  could  be  alleviated  by  measuring  preference  by  a.taste  test.  However, 
since  it  may  be  imptaictical  to  carry  out  k  survey  using  soda  samples  to  taste, 
consider  one  way  a  questionnaire  can  be  prepared. 

A  type  of  question -j^hich  is  easy  to  ask  but  difficult  to  interpret  is  that 
with  a  yes  or  no  anSswex.  choice.    For  example »^ "Do  you  like  Coke?"  is  a  simple 
'  question  with  a  straight-forward  answer.    But  how  consider  the  questions  "Do 
you  love .Coke?"  and  "Do  you  drink  Coke?"    Of  course  the  answers  to  these  three 
phraslngs  will  be  quite  different. 

It  Is  usually  better  to  spllclt  answers  to  preference  questions  in  the 


fprm  of  a  scaXe.  FD«<fxample: 

What  do  you  think  of  Coke? 
I  5.1  love  it. 


4.      I  like  it. 


4^7 


'   *      '  '  '         .  *  ..  PS4-5 


* 

3.    It  is- OK. 

2.    I^pn't  like  it.  '  " 

f 

1.    I  hate  it.'  '  •  "  i  < 

I  have  not>  tried  it.  •  * 

Notice  that'll  have  not  tried  it"  is  included  as  a  possible  answer  tb"  separate 

«  * 

dislike  and  unf amiliarity .    A  store,  such*as  1  to  5  (see  above)  can  be  asso- 

elated  with  the  other  possible  answers,  glvli^  the  most  positive  answer  the  • 

highest  score.     In  summarizing  the  re&ults,  the  average  score  far  each,  question 

for  all  people  answering  the  question  with  anything  except  'V^ave  not  tried  it" 

can  be  found.    If  there  are  several  questions  of^  this  type,  such  as  *^/hat  do 

you  think  of  Orange  CrugfiX',  etc.,  then  the  average  scores  for  each  of  these 

questions  cai\  be  compared^:^  The  mbst  popular  brands  will  be  those  having'the 

highest  average  scares'',  thus  establishing  a  "preference  rating"  fot  each  brand.. 

Having  corrected  for  "I  have  not  tried  it"  and  having  considered »"each  soda 

separately,  then  tliii,  preference  ratings  by  brand  can  be  gombined  to  indicate 
•  * 

flavor  preference.  %  ^ 

An  *Wf amiliarity  rating"  could  be^est^ll^hed  by  simply  counting  the 
number  of  "I  have  not  triad  ft"  answers  to  eacl^  question.  .  ^ 

It  has  been  found  that  when  using  a  scale  with  fewer  levels^  ^ay  3,  there 
is  a  tendency  to  answer  using  always  the  middle  level,  such  as  "It  is  OK."  A 
scale  wl^h  more  tha^  5  levels  ds  generally  inadvisable,  since  in  many  situations 
people  find  it  hard  to  dlsdriminate  between  very  ipany  unit-less  levels.  Conse*- 
quently  a  scale  with  5  levels,  as  in  the  example  above^M^s  a  good  compromise. 
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'  iri.    Survey.  Design  -  Whom  to  Measure 

Exactly  what  is  the  group  of  people  or  other  items  about  which  the' 

class  iwants  to  know  something?    This  group  is  called  the  target  population^ 

For  tK^ apron  example,  the  target  population  should  be  all  people  who  will 

buy  an  apron.    But  who  are  these  people?    Are  tl^ey  the  class,  the  school,  the 

town,  etc.?    If  the  sale  la  to  be  at  ^the  school  and  the  ci-fl9s  has  decided  to 

make  only  children's  aprons^,  then  one  definition  of  the  target  population  is.  • 

^\  ■  . 

all  children  attending  the  school. 

'A  more  subtle  probl^  arises  now.    Before  ,the  apron  sale,  the  class  oan 

sdrvsy  only  potential  buyers.    What  if  the  day  of  the  sale  tha  5th  graders  are 

on  a  field  trip^or  m^t^pw^ounger  children  are  not  allowed  to  carry  enough  liioney 


to  buy  an  apron?    Having  assumed  that  everyone  enrolled 


fin  the  school  is  a 


potently  buyer ,  the  class  vmy  be  left  with  too  many  large  or  small  aprons. 
jThisj  example  shows  how  sometimes    the  target  population  canpot  be  defined  as 
one  would  like  i^^  ^Here  it  must  be  the  entire  school,  or  say  the  school  without 
the  lower  graSes  if  they  will  not  have  enough  mo^ey.    No  matter  how  carefully 
one  tries  to  define  the  taifget  populattion,  in  this  case  it  can  never  be  the 
population  of  interest;.  I.e.  the  people  who  will  actually  buy  an  apron. 

the  problem  in  defining  fi^e  target  population  for  the  soda  example  a^ 

•  \  •  ■ 

similar  if  the  objective  of  the\class  is  to  sell  the  new  soda  which  they  are 
going  to  design  from  the  results  of ^he  flavor  survey. *  However,  if  that  is  | 
not  their  motivation,,  they  can  decide  whose  taste  preferences  they  are  interested 
in,  such  as  adults,  high  school  studeifts,  or  children.     If  they  decide  that  they 
are  interested  in  children's  preferences  then  they  must  decide  of. what  ages,  ^ 
Even  if  they  decide  on  only  a  very  nar^ijw  age  range,  all  children  in  that 


^roup  >^annot  be  laterviewed  in  the  survey,  and  perhaps  not  even  all  children 
in  the  town  in  that  age  range,    Hiey.must.  choose  a  sample,  say  the  school,  to 
represent^  the  tarjj^Li  (jy^JUl'llii^on.    Some'  of  the  problems  of  selecting  a%.«ampld 
are  discussed  in  the  neK(^  section,  « 

IV.      Sas^)le  Design  -  Ways  to  Sample 

•*         *  ' 
It  is- often  time  consuming  and  expensive  to  measure  an  entire  target 

^  "  '     '  ! 

population  so  a  natural  things  to  do  is  to  take  a  samplf  of  the  target  popl^7 

lation,  i.e.  to  take  a  sample  survey.    HoweVer,  just , as  it  is  Important  to  ' 


define  the  target  population  carefully.  It  is  aT.so  important  to  choose  a 
sample  which  represents  the  target  population  fairly.    A  cook  will  stir  a  stew 


before  tasting  it  to  be  sure  that  all  ingredients  are  mixed,  so  that  she  is 
getting  a  sample  which  will  taste  like  the  whole  stew.     Inl-^e  same  way 

sampling,  procedure  liust  insure  that  each  tteta  in'  the  target  population  i^^  

equally  likely  to  be  chosen.    Here  are  two  sampling  procedures  which  ma«t 
this  requirement  if  properly  done. 

The  first  is  random  sampling.      An  extople  of  a  good  way  to  take  a 
random  sample  is  to  write  the  names  of  all  the  units  in  the  target  population 
on  separate  pieces  of  paper  and  put  them  in  a  container,  thoroughly  mixing  the 
pieces  of  paper  (just  as  in  the  stew).    The  names  that  are  drawn,  not* replacing 

...  '  ■ 

*  f 

them  in  the  container  after  they  are  drawn,  are  then  the  units  to  be  sampled. 
Another  way  is  to  have  all  the  named  on  separate  cards  and  stiiuf^le  the  cards* 
very  well.    Then  draw  enough  cards  from  the  deck  to  determine,  the  sanple.  If 
the  target  population  i§  the  school,  then  the  units  are  all  the  children  in  that 
school,  and  it  Is  their  names  which,  would  be  put  in  the  container  or  writt«n  o^ 
the  cards  to  be  shuffled. 


i3C 


PS4-8 


^ometlmes  it  is  iaposslble,  or  difficult  tq.take  a  random  sample.  Con- 
sider  sthe  case  where  a  sample' must  be  taken  froia  a  product  ccsaing  off  an 
assembly  line.    The  items  which  come  off  first  must  be  shipped  to  stores 
before  a^l  of  the  items  have  been  mariuf Pictured.    This  me^jxs  that  ttie  target 
popuj^^on  is  never  entirely  available  to  be  Randomly  sampled.    The  second 
.kind  of  sampling/  called  systematic  saayling,  *is  peeded.    For  systematic 
sampling  it  is  necessary  to  line  up  or  list  the  target  population  in  some 
order.    Then  if  the  sanple  is  to  be  some  fractidn  of  the  target  population, 
aay  one  fifth,  select  every  fifth  unit  iErom  the  ordered  list.    Items  on  an 
assembly  line  will  have  a  natural  order  imposed  by  the  line  itself,  and  the 
sample  can  be  drawn  by  taking  every  fifth  item  (or  ten±|i,  or  twentieth,  etc. 
depending  on  what  fraction  of .  the  population  is  to  b^/ampled)  as  it  comes 

T 

to^the  end  of  the  line.    And  if  a  systematic  sample  of  size  25  is  to  be  taken 

from  a  s^ool  which  has  125  children,-  select  the  sample  by  counting  down  all 

the  class  name  lists,,  including  every  fifth  name  as  a  pupil  to  be  sampled. 

Or  simply  use  t^he  sequence  in  which  the  children  arrive  at  School  as  the 

ordering  and  include  every  f if tH* pupil  coming  through  the  door  in  the  sample. 

In  using  systematic  samp  ling,  trouble  can  occur  if  there  is^'some  pattern 

in^the  way  the  target  popwlatipn  is  ordered.     For  example,  suppose  5  pupils 

are  to  be  chosen  from  a  class  sealed  in  a  room.    The^class  size  is  25  and 

« 

are  sitting  ia  5  rows,  5^in  each  row.    If  every  fifth  person,  counting  up  the 
row8,^l&  systematically  "selected,  the  5  children  sitting  in  the  front  will  be 
chosen  as  the  sample.     Now  suppose  their  teacher  has  arranged  the  seating  plan 
.  so  the  smallest  children  are  in  front  and  the  tallest  in  the  back.     The  sample 
wlii  consist  of  the  5  shortest  children.    If  a  sample  of  pupils  to  measure 
for  apron  sizes -Is  selected  in  this  .way,  the  results  would  ihdicate  that  the 

431 
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class  is  generally  much  smaller  and  less  variable  incize  than  it  really  is. 
Though  most  orderings  will  not  ciuse  suph  a  problem,  part  of  planning  a  syst^- 
maClc  s^ple  ^lust  be  to  consider  what  the  ordering 'of  the  population  will  be^ 
and  to  make  sure  the  characteristics  determining  that  order  are  not  related  to 
the  characteristics'  to  be  measured..  .  ' 


V.       Sample  Design     Variability  '  . 

How  doefei  sampling  affect  the  "goodness'^  of  the  summaries  made  from  the  * 
sample  ^urSey?    Sunanaries  may  include  such  things  as  the  mean  (t;^he  average 
value) »  the  median  (the  middle  value  of  a  set  of  ordered  nianbers  i^^the  sample 
size  is^odd,  and  the  average  of  the  two  middle  values  if  the  sample  ^±ZQ^  is 
even),  the  range  (the  ^largest,  value  minus  the  smallest  value,),  and  the  propor- 
tions of  the  sample  measurements  at  each  possible  value.    'Becaijise  the  target  ^ 
population  is  sampled,  the  nummary  values  calculated  will  not  necessarily  be 
the  same  ais  they  would  be  if  the  entire  target  population  was  surveyed,  'rtiis 
gection  will  demonstrate  how  much  the  sample  Summary  can  vqry  f rcsn  the  target 
populatioti^  sumcaary  and  will  describe  2  factors  affecting  this  variability. 
Though  the  median  will  be  used  in  the  example  for  the  sake  of  simplicity,  what 
is  said  is  tru€i  for  any  type  of  sample  summary.  ' 

*  V 

Suppose  fqr  the  apron  example  the  class  decides  to  fit  the  apron  by  using 

'  V 

only  one  waist  u^asurement  for  all  aprons  to  be  made  and  let  the  apron  ties 
adjust  for  the  actual  differences  in  the  children's  waist  measurements.  Then^ 
they  could  use  the  sample  median  as  the  waist  measurement  to  assume  f or^ all 
apron  sizes.    Using  the  median,  rather  than  a  smaller  or  larger  measurement, 
hopefully^ill^  mean  that  none  .of  the  aprons  will  be* much  iCoo  small  or  much  too 
large.    Also  there  will  be  as^  many  aprons  too  big  as  too  small,  which  se^s 
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like  a  good  compromise. «^ A  small  target  population  with  no  duplicate  measure- 
tnents  for  simplicity  will  be  used  to  show  what  can  happen  to  the  sample  median 
in  different  situations. 

If  the  target  population  is  11  children  whose  waist  measurements  aire 


19 


20",  21",  22",  23",  24".  25",  26",  27",  28",  2$/, 


then  the  median  is  24"  for  the  entire  target  popuiation.  Suppose  a  r^dom 
sample  of  size  3  is  taken.    If  the  sample  is 


23",  26",  28",  .  • 

then  the  median  of  the  sample  is  26".    If  the  sample  is 

20",  25",  -27",  ■ 
then  the  smiple  median  is  25".    This  shows  that  tha  sample  median,  which  is 
called  an  estimate  of  the  population' median,  is  clearly  not  necessarily  equal 

•  •  •         •  ^ 

to  the  population  median.    For  the  first  of  these  samples,  the  difference  be- 
tween the  sample  median  and  the  population  pediaa  is  2",  for  the  second  it  is 
1".    If  either  of  these  2  sample  medians  are  used  to  determine  what  the  overall 
apron  walftt.  8 ix.e. should  be,  the  aprons  will  fit  more  awkwardly  children  with 
small  waist  measurements  since  the  sample  median  is  greater  than  24",  the 

vpopulat ion  median.    Consider  how  often  and  how  much  the' sample  medj^  differs 

» 

>  .  ■■ 

from  the  population  a^dian. 

I  "     '     •  • 

"    There  are  165  different  santoles  with-  a  sample  size  of  3  which  can  be 

drawn  from  a  target  populationoi  size  11.     (The  appendix  gives  a  description 

of  how  to  determine  the  nuai)er  of  distinct  samples  and  what  they  are.)  Suppose 

every  possible  sample  is  enun^rated  and  the  sample  median  Is  determined  for 

each.    All  the  possible  median  values  and  how  many  samples  have  median  value 
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are  displayed  in  Figure  1.    Note  that  'the  most  commQn  value  of  the  aaciple' median 
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median  waist  measurement  in  Inches 
Frequency  of  Occurrence  of  Mediari^Value 

In  all  Possible  Samples  of  Size  3 

'  .    V.  ■ 

(where  the  graph  peaks)  is  24",  the  same  as  the  population  median.    However,  the 
sample  median  actually  equitls-  the  population  median  only  25  tisies  out  of  16,5, 
or  for  fewer  than  1/8  of  the  saB«)lef .    73  times  out  of  165,  or  less  than  i/2 
of  the  time,  the  sample  median  will  be  off  by  no  more  than  1";  hoj^^evar,  the 


sample  median  can  vary  as  much  as  4"  from  24".    Each  of  thes^  sauple^is  equally 


likely  to  occur  if  t^e  sampling  has  been  done  correctly.    What ^thl^MQem^ 
terms  of  choosing  the  waist  size  for  the  a^rona  is  that  less  than  1/8  of  the 
time  the  sample  median  will  say  to  use  a  waist  measures^nt  of  24"^  can  we 

do  better? 

TVo  things  affect  hpw  much  the  sample  summary  value,  i.e.  the  estimate, 
is  likely,  to  vary  from  the  population  value,  or  in  other  words,  how  precise  the 
estimate  is.    ^irst  is^^Jth^  sample  size.    The  larget  the  sample  size,  the  more 
precise  the  estimate  is.    That  is,  for  large  samples  the  sample  estimate  will  be 
more  likely  to  be  closer  to  the  population.  valu^^rf^3^  It  would  be  for  a  smaller 


v1. 


sample  from  the  same  population.  To  show  this,  compare  the  results  described 
above  for  samples  of  size  3  to  samples  of  size  7  from  the  same  target  popu*^ 
lation.  -There  are  330  different  samples  of  size  7  that  can  be  drawn.  If 
these  are  listed  and  the  sample  medi^  for  each  Is  found,  the  display  of  these 

tne  graph 


medians  is  Figure  2.    Here  again 
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peaks  at  24",  the  value  of  the 
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FIGURE  2. 
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median  waist  measuraaent  in\nches 


Frequency  of  Occurrence  of  Median  Value  in  all 
Possible  Samples  of^^Si^e  1  /  \ 


population  median.  v»  But.  now  the  sample  jaedian  has  a- value  of  24"  100  tim^is 
put  of  330*    This  is  about  1/3  of  the  possible  samples,  much  larger  than  1/8, 
which  was  the  Comparable  fraction  for  all  possible  sample^  of  size  3  (Figure 
1),    260  of  the  330  samples,  or  about  3/A  of  the  samples,  have  medians  which 
vary  no  more  than  1"  from  24",  the  target  population  median.    All  the  possible 
sample  medians  differ  by  no  more  than  2^'  from  the  population  median,  as'^om- 
pared  with  up  to  4'^  for  the  samples  of  size  3.    Thus  the  estimate  is  more  often 


equal  or  close  to  the^population  median  and  does  not  differ  from  it  by  as  njuch, 
i.e,  the  estimate  is  more  precise  foi;^  the  samples  of  size  7  than  for  the 
samples       size  3. 
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A  second  effect  on  the  precision  of  an  estimated  value  from  the  popu- 
lation value  is  the  variability  of  the  cl^racteristic  of  interest*  in  the 
population.    The  range  of  the  measurements  in  our  example  is  19"  to  29". 
Consider  a  secpnd  population  of  the  same  size  which  also  has  a  population 
median  of  24",  but  a  narrower  ran^e;  ,        ,  • 

m 

23",  23",  23",  23",  24",  24",  24",  25".  25",  25",  25". 


Again  let  us  consider  the  165  possible  samples  of  size  3.    a»w  compare 
FjLgure  3,  the  diagram  presenting  all  the  possible  medians  for  these  samples, 
with  Figure  1.   /Figure  3  demonstrates  that  tlje  sample  median  will  be  24"  .73 
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FIGURE  3 


me41an  waipt  measur^ent  In  inches' 
FreqUeilcy  of  Occurrence  of  Median  Value 
in  all  Possible  Samples  of  Siae  3 


1 


timea  out  of  the  lf>5  saniples,  or  almost  3  times  as  often  as  is  indicated  by 
Figui^e  1.    Figure  3  also  shows  that  the  sample  medians  never  differ  from  the 
target  population  medi^  by  more  than  1",    This  demonstrates  that  an^st.|iaate 
from  a  sample  of  a  given  size  will  be  less  precise  for  a  population  with 
largeV^range.  than  for  a  population  with,  smaller  range.    In  terms  of  the  apron 
example,  if  the  children  being  measured  have  a  fairly  narrow  range  of  waist 


ERIC 


4SG 


PSA- 14 


ERIC 


4  ^* 
sizes »  theti,  the  sample  median  will  be  more  likely  to  be  close  toNp^/equal  to 

the  target  jjoptulation  media^/,,  24".    In  general  if  a  target  population  is  more 
homogeneous,  that  is,  if  the  items  of  the  population  are  more  similar  with 
respect  to  what  is  to^be  measured, ^^e  estlmatedn^dian,  or  any  other  esti- 
miated  value,  will  more  likely  be  close  to  the  target  population  value.  Thus 
it  is  advisable  to  take  a  larger  samp3^  from  a  population  which  is  less  homo- 
geneous with  respect  to  what  is  being  measured  than  would  be  needed  if  the 
.  population  is  more  hcmiogen^ous . 

'  Occasionally  some  characteristic  of  the  target  population^ will  make 

groups  selected  by  this  characteristic  more  hoixu)geneous  with  respect  to  what 

is  being  measured.    For  example,  age  Is  probably  a  good  indicator  of  size. 

We  can  take  advantage  of  this^knowledge  by  dividing  the  target  population  into 

relatively^ hoii^geneous  groups  and  taking  a  separate  saii^)le  frpm  each  group. 

♦ 

-That  infontfation  on  each  group  is  more  accurate  than  information  ftom  any 

completely  random  grouping  is  likely  to  be  due  to  the  decrease  in  vai;iabllity 

as  discussed  in  the  last  paragraph.    This  idea  of  initially  grouping  the 

.  target  population  into  relatively  homogeneous  groups  and  then  drawing  saQq)lea 

ft 

from  reach  is  the  basis  of  a  procedure  called  stratified  sampling,  with  the 

•  ; 

groups  called  the  strata.  ^  % 

VX.      Sample  Design      Interpretation  ^ of  the  Results 

How  does  knowledge  of  sample  design  Influence  the  interpretation  of 
possible  results?    Consider  a  more  complicated  exafnple.     If  a  single  waist 


mea^^ement  will,  not  be  sufficient  for  all  apron  siz^es,  then  one  number  such 
as  the  median  will  not  be  aa  appropriate  summary  concerning  waist  measurements. 
Now  the  main  objective  requires  decidingSiow  many,  or  what  proportion,  oi  the' ^ 

.  -         ■  V  ■  .' 

"  '    ■  ■  f    ■  4.S7    '  '      '  ■   '  . 
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potential  buyers  have  waist  measurements  of  22"»  23",  24",  etc^*    These  jyro- 
portions  mi^t  be  grouped  later  when  the  different  sizes  are  defined.^  Now  if 
1/3  o^the  children  sampled  had  waist  measurement  24",  it-would  be  desirable 
that  about  1/3  of  the  aprons  made  fit  a  child  with  waist  24". 

For  Jti±6  example  suppose  the  target  population  is  a  school  with  an  en- 
rollmei)^of  550  children,  a  more  realistic  situation.    A  random  or  systematic 
sample  of  50  children  is  selected- and  the  3  measurements  .indicated  in  section  I 
are  taken.    If  2  of  the  50  children  have  a  20"  waist,  the  sample  proportion  of 
chil<|cen  with  20"  waists  is  2/50'o.r  1/25.    If  10  children  have  waist  24",  that 
sample  proportion  is  10/50  or  175.    If  no  children  have  waist  30",  that  sample 
proportion  is  0.  .  In  the  same  manner  all  the.  proportions  are  determiiied.  These 
proportions  can  be  depicted  as  in  the  bar  graph  in  Figure  4. 
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FIGURE  4 
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waist  measurements  in  Inches  , 

Proportions- Corresponding  to  Pos^^ble  Waist  Measurements 

for  a  Sample  Size  50  ' 

i-        I-     .  ■  : 


4 

*    If  the  class  recorded  measur^ents  in  fractions  of  inches,  i.e.  23  1/2"  or 
21  1/4",  we  will  consider  all  measurej^nts  rounded  to  the  nearest  integer  for 
.    this  example.    Then  tK^  21"  proportion  refers  to  waists  from  20  1/2"  up  to  but 
not  including  21  1/2".    Either  20  1/2  or  21  1/2  could  have  been  Included  in 
the  definition  of  21  as  long  as  what  is -^one  i^  done  systmatically  for  each 
integer  definition. 


,5^ 


JuBt  ae  for  the  medlait,  the  sasaple  proportions  are  .estlxaates  of  the 
targe.t  population  proportions •    That  is,  thoagh  the  sample  proportion  of  30" 

is  Ot  perhaps  the  population  proportion  is  1/100,  1/250,  or  0.    Since  the 

i  \  '  \ 

population  proportion^  are  not  kpown,'^one  can  only  try  to  a^sixre  that  the  sample 

*  «  .1 

la  ptovldlng  a  fairly  precise  estimate  of  a  summary  of  the  target  "population  by 

%      .  ^ 

considering  the  way  the  sample  was  taken,  the  sample  si^e,  ahd  the  homogeneity 
,of  the  target  population*  ^ 

^    Consider  how  these  reasons  why  samples  do  not  exactly  reflect  4he  target 
population  affect  What  we  think  of  th^  sas^le  survey  dat^a.  >  Using  the  situation 
just  described,  suppose  thiS  sdSiple  proportions  of  waidt  measuren^hts  are  as 

displayed  in  Figure  5,  rather  than  as  in  Figure  4/  Where  Figure  4  has  a  peak 

,#  '  ^ '  ^ 

FIG^IRE,  5     ^  I 
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waist 'measurement?  In  inched 


Proportions  Corresponding  to  Possible  Waist  Measur^m^fits  ^or  a 
.        ,  Dlifere^t  Sample  'qf  Size  50  i  ^ 


at  24*^  with  smooth  decrease  in  proportions  as  the  waist  gets  »reater'  than  or 
less  than  124",  Figure  5  shows  a  smaller  peak  at  21"  in  additii%  to  a  peak  at 
24".-   It  could  be  that  the  target  population  is  correctly  refllcted  in  this 
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pattern  of  2  pp^ks.-  ^oweve^,  the  peak  at  21"  might  also^S  because  of  sample 
design  or  sa«ple''varlablllty.  Recall  the  systematic  sampling  example  where  a 
saii^>lV  consisting  of  the  five  shortest  children  in  the  class  vas  drawn.  If 


only  1  or  2.  teachers  had  their -seating  arr^gement  so  the  smallest  children 


ERIC 


(these  children  are  likely  to  be  thinner")  were    in*  the  ftoiit,  and" a  systematic* 
sample  Idcludiog  all  children  in' the  front  rqi^  was  Aream  In  all  clasaracmSy 
the  resulting  sample  proportions  could  be  displayed  as^ in  Figure  5*    Even  ^ 
the  sampling  procedure  gives  9  fair  sample,  tbere  is  a  ch^ance  that  the  bar 
graph  may  have  ani  unexpected  peak  simply  because  \|he  estimate  (i.e.  the  sample 
proi^br^tion)  IS  not  exactly/ equ^l  to  the  actual  proportion  in  the  target  popu- 
lation.  .  "  '  <. 

To  summarize.  If  figure  5  occurred  as  a  ffseaple  survey  summary  and  intui- 
tively scsaething  like  Figure  4  was  expected,  3  possible  explanations  exist: 
1*  .  The  intuit:ion  is  wifcmg;  the  populat^n  does  have  a  peak  / 

at  21".  .  **     .  •  " 

2#  'The  sampli»g^rocedure  has  given  an  unfair  js^tple  with  too 
jriany  thin  iihildrets.  •      .  ^ 

.3."  The  peak  at  21"  is  only  due  to  the  variability  of  the 
'  -  ^  estimate.  . 

In  studying  the  sample  Purvey  results,  there  is  no  cook  bo^k.  procedure  that 
^  can  be  used  to  determine  which  of  the  3  is  the  case.    Using  the  summary  as^ 
evidence,  it  is  advisable  to  i^evlew  the  sampling  procedure  to  see  if  the  ^on^  - 
Qlusions  could  be  uncovering  hidden  sampling  procedure  errofrs.    If  no  errors 
can  be  found,  explanation  2  is  unlfS^ly.    Next  the  reasons  for  the  variability, 
of  the  estimates  should  be  considered.    Is  the  sample  size  sufficiently  large 


'iiO 


\ 

(considering  the  hbmoganaity  of  the  target  population)  to  be  confident  that 
the  estimate  should  be  fairly  precise?    Retnembef  that  the  population  proper-- 


tlons«  are  not  known  and  one  can  only  try  to  be  sure  that  the  sufijmary  results 
are  not  due  to  errors  in  the  sampling  procedure  6r  too  small  a  sample  and 
then  use  the  results^ as  if  explanation  1  Is  correct •  -  ^ 

VI.  '  General  Remarks  *  - 

We  have  discussed  how  the  ;natural  approach  of  a  class  to  say  "Let's  ask 
some  people"  should  be  guided  int^^conslderl^tg  the  problems  of  taking  a  sample 
survey  step  b^^^tep.    In' designing  the  survey  it  is  always  a  good  idea  to  have 
them  state  as  precisely  as  possible,  either  verbally  or* in  writing^  each  of 
th^e  three  steps  '*what  to  measure,"  "how  to  measure  it,"  and  **whom  to  measure" 
(what  is  the  target  population).    In  trying  to  do  this,  they  will  beccsne  more 
aware  of  the  pitfalls  of  different^  approaches  and  the  consequences  of  different 
decisions  at  each  of  the  three  ste^Js.*      It  may  be  necessary  to  go  back  and 
rethink  an  earlier  st^p  if  they  decide  at  a  later  pioint  that  what  they  have 
chosen  to  do  yill  be  too  difficult  to  do  sensibly  or  even  that  it  cannot  be 
.  done  at  all. 


In  sampling,  we  have  tried  to  show  the  Importance  of  taking  a  sample  which 
truLy  represents  the  target  population,  using  some  of  the  techniques  of  random 
and  systematic  sampling.    We  have  also  tried  to  give  a  feeling  Tor  why  sample 
suimnary  values  may  not  be  equal  to  the  target  population  values  and  how  mu^ 

/ 

they  may  differ.    Here^ again,  the  class  should  decide  exactly  how  they  Will 
take  their  sample,  and  then  consider  if  the  procedure  will  really  give  them  a 


*  Editor -s  Note:    Trials  of  suggested  procedures  in.th^e  class  often  help 
*        the  children  refine  theip  judgments  on  these  3  factors. 
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fair  sample.    Andieven  after  the  sample  is  taken  atid  they  are  looking  at  the 

■.{  ■ 
.  *  ■ 

results »  they  should  be  aware  of  the  reasons  why  these  results  will  not  be 

exactly  the.  same  as  if  the  whole  target  population  had  been  surveyed. 

0  •  ' 
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il^PENDIX  ^ 


In  this  paper  it  is  sta^d  that  there  are  165  ways  of  choosing  3 
items  from  a  group  of  11  items.    This  number  is/ found  in  the  following  w*ay: 

similarly  there  are  330  ways  to  choose  7  out  of  a  group  of  11: 


,  Suppose  there  are  only  seven  items  in  the  population,  denoted  by 
.     AB-C     DE  FG 
There  are  35  possible  ways  of";p^ctlng  a  sample  of  size  3: 

All^  samples  can  be  systematically  written  down  columnwise  in  the  following 
way:  •  ' 


i 


Alt; 

APF 

BDF 

CFG 

ABD 

ADG 

.  BDG 

DEF 

ABE 

AEF 

BEF 

DEC 

ABF 

AEG- 

BEG 

DFG 

ABG 

AFG 

BFG 

EFG.  ^ 

ACD  . 

BCD 

CDE 

ACE 

BCE 

CDF  • 

ACF 

BCF 

CDG 

ACG 

BOG 

VCEF* 

ADE 

BDE 

CEG 

f 

J 
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EKamlning  the  changes  doim  the  colisnms  '8hqj#9  how  th^  saisples  are  generated. 
Thinking  qf  the  Items  as  being  ordered  from  left  to  right,  start  by  sliaply 
choosing. the  first  3  items,  A  B  C,  as  the  first  sample.    (Remraiber  that  these 
are  not  random  samples  but  simply  listings  of  all  possible  samples.)  Next 
replace  the  C  with  D,  E,  F,  and  then  Q  to  get  the  next  4  samples.    New  all 

,  * 

samples  containing  hath  A  and  B  have  been  listed.    Next  replahe  B  with  C  and  - 
conbine  these  two  items  with  those  left  (D,  E,  F,  G)  to  get  the  next  4  samples 
Now  replace  C  with  D  and  coidJtine  A  aisd  D  with  E,  F,  and  G.  successively  to  get 

the  next  3  samples,  and  so  on.    When  all  samples  containing  A  have  been  gefter- 

- .  * 

ated,  start  with  B  as  th§  first  item  in  the  sample  and  ^ntinue  in  exactly 
the  same  way.    All  samples  of  any  size  can  be  generated  follwing  this  pro- 
cedure.  .  "      ■  . 
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EXAMINING  ONE  AND 'Ti70""^5^"Wf 'SlftTA 


PART  I:     A  GENERAL  STRATEGY  AND  . ONE -b AMPLE  METBODb 

by 

.  Lorraine  Denby  and  James  M.  Lamdwehr 

bell  Telephony .Laboratories 
Murray  Hill,  New  Jersey  07974 

A  class  of  students  decided  to  study  the    liretimes  or 

/  ■       ■  ■   ,     -  ,.  ■  ' 

tiro  brands  of  flashlight  batteries.  They  performed  an  experirofent 
vlelding  several  measured  lifetimes  frcKn  fersmd  A  batteries  and 
also  from  Brand  B  batteries.  Another  class  was  interested  in  two 
different  methods  of  teaching  a  unit  on  fractions*  They  devised 
an  experiment  in  which  some  students  were  taught  by  the  first 
method,  othe^j  students  were  taught  by  the  second  method,  ond  a 
measure  of  improv«nent  was  recorded  for  each  Rtudent  in  the  two 
qrouDS.  In  still  another  class  students  were  concerned  with 
traffic  safety  iti  the  streets  near  the  school*  They  conducted  an 
experiment  in  which  tt%^  speeds  of  cars  were  measured  when  a 
crossing  guard  was,  and  was  not,  present* 

Many  aspects  of  these  three  experiment^  are  quite  dit- 
ferent  from  6ne  another,  but  for,  each  experiment  one  Is  interest^ 
ed  in  using  the  two  sets  of  measurements  to  help  artswer  certain 
questions.  If  one  must  chcx)Se  one  brand  of  flashlight  batteries, 
some  relevant  questions  might  be  the  following.  Which  brand  has 
the  longer  average  lifetime?  Is  there  smaller  variability  in  the 
lifetimes  for  one  brand  or  the  other?  Does  one  brand  have  fewer 
extr^emely    sma^^^    iifet^ams,     or    more    eiScremely  ion*^  lifetimes? 


Jt^ams,     or    more    eitcremely  lone  lil 
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What  are  the  relative  costs  of  the  batteries?  Concerning  the 
teaching  example,  one  might  like  to  know  if  there  is  evidence 
that  one  jnethod  of  teaching  really  gives  better  resjjlts,  in  some 
sense, ^  than  the  other  method.  similar ly,  does  the  presence  of  a 
guard  reduce  the  speeds  of  the  cars,  and  if  so,  by  how  much?  Do 
the  speeds  of  all  cars  seem  to  bfe  reduced,  or  only  the  speeds  of 
cars  driving  very  fast? 

Appropriate  questions  depend  on  the  particular  applica- 
tion,^  Sometimes  the  tw.o  sets  of  measurements  are  so  different 
that  the  ansvrers  are  extremely  obvious,  but  sometimes  a^  variety 
of  statistical  methods  are  useful  and  necessary  to  interpret  the 
data.  This  paper  develops  and  gives  examples  of  severaU.  tech- 
niques    for     examining     one  set  of  measurements  an6  for  comparing 

1  *. 

two  sets  of  measurements.  This  paper  is  written  in  modular  form, 
and  different  parts  can  be  read  separately  from  one  another. 

The  first  section  of^Part  I  gives  some  general  comment^ 
about  an  over-all  strategy  for  ^»n=ilyzing  data  from  applications 
•juTJTT  as  those  mentioned  above.  It  discusses  certain  genei  al  oon- 
siderations  to  keep  in  mind  concerning  the  analysis,  and  it  also 
discusses  the  order  id .which  the  statistical  methods  of  presentea 
here  and  in  Parts  II  and  III  might  be  used.  The  general  philoso- 
phy is  to  do  the  simpler  techniques  first  and  proceed  to  more 
complicated  methods  only  it  the  simpler  ones  do  not  give  clear 
and  sufficient  answers  from  thp  data,  ^  This  section  is  not  expli- 
citly required  in  order  to  read  an^'  of  the  rest  of  the  pai^r. 

'    The  second  section-  o^  Part  1  is  a  discussion  of  nimeri- 
cal     and  graphical  methods  for  examining  one  set  of  measurements. 

4  16        "  * 
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Included  are  the  median,  mode,  mean,  histogram,  cumulative  dis- 
tribution function,  and  measures  o£  variability^ 

Part  II  develops  a  graphical  me£Tiod,  known  as  t>te  q-q 
plot,  for  presenting  the  v allies  from  two  sets  of  measurements. 
The  plot  is  easy  to  inter'pret,  no— special  graph  paper  is  re- 
quired,  and  con?«truction  of  the  plot  requires  about  the  same  ef- 
fort as  construction  of  the  one-sample  nlpts  discussed  below. 
The  one  sample  material  of  Part  I  is  required  tox  understanding 
this  part. 

Finally,  tart  111  gives  a  way  of. seeing  if  two  sets  of 
measurements     are     significantly    different     from  one  another,  or 

t 

whether  it  mav  be  the  cas^  that  the  two  sets  of  data    are  essen- 

tinlly'  the     same,-  apart'  from  random-f luctuation.     This  method  is 

/ 

called  a  permutat,lon  t^st  and  requires    no    special  mathematical 

'      f'  '  '  ' 

table?.      It    is  somewhat  more  complicated  than  the  preceding  m&- 

terlal,  but  only  th^  definitions  of  median  and  mean  from    Part  1 

are  explicitly  reqijired*  for  this  part. 

I •     h  iaTHATEGY  FOR  £> MINING  MmD  ANALYZING  DATA 

This  section  discusses  some  general  points  that  should 
be  kept  in  mind  when  analyzing  data.  If  one  has  one  set  of  meas- 
urements or  two  relcited  sets  of  measurements  to  compare,  then  one 
or  more  of  the  statistical  techniques  discussed  m  this  paper  may 
be  useful.  The  order  in  which  these  techniques  could  be  used  and 
their ^relative  places  in  the  analysis  are  discussed  here.  Situa- 
tions are  described  where  it  is  sufficient  to  use  dnly  t)5e 
simpler    techniques,     and     the    more    complicated  jnethods  are  not 
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needed.  This  section  could  be  used  as  a  guide,  or  chetk-list,  as 
or\e  proceeds  through  the  examination J^^^  set  oi:  d«^ty.  however^ 
none  of  the  material  in  this  section  is  explicitly  required  to 
understand    any  'of  techniques  presented  in  the  later  parts  oi 

this  paper.  .    *  .  *         ;  ■■  * 

How  were  the  measur«nents  obtained?  ^ 

Befor.e  attempting  any  analysis  of  the  data,  it  is  ini- 
portant  to  understand  exactly  what  was  measured,^ how  the  measure- 
mentis  were^^s^ained ,  who  did  the'  measuring,  and  perhaps  when  and 
where  the  nti^surements  w€Sre  performed.  For  example,  it  the  data 
are  speeds  of  cars,  were  they  obtained  by  a  sophisticated  radar ^ 
device  operated  by  a  policeman,  or  by  stopping  the  cars  and  ask- 
ing  the  driver  how  fast  he  was  going,  or  by  children  mejasuring 
the  time  '(with  a  stopwatch  or  wristwatch?)  it  took  the  cars  to 
travel  a  foreviously^easured  distance?  Answers  to  questions  such 
as  th^Re  might'indicate  obvious,  inherent  problems  and  biases  m 
the  data.j  thus  these  answers  could  indicate  how  Wch  effort,  it 
any,  is  worth  putting  into  analyzing  the  nisnbers  obtained.  A 
f  "^eful  rule-of-thumb  is  that,  one  should  be  able  to  clearly  and 
completely'  explain,  the  "process  used  to  produce,  a  typical  nunber 
^n  the  d§ta  before  beginning  the  actual  analysis. of  the  values. 

*'  This  whole'^rea  of  experimental  design    —    ^r  exactly 

how  the  yrf^^  were  o^ta^Ted  can  be  of  crucial  importance  in 
determining  whether  lor  nbt  V-he  da^a  shed  <p!^  light,  on  certain 


questions.  Careful  dWign  and  conscientious  execution  is^eeded 
to  generate  ^useful  data.  It  is  hajrd  to  make  broad  generaliza- 
tlons    concerning  good  and  bad  design,  but  each  of  the  data  exati-^ 
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oles  discussed  in  later  sections  is  preceded  by  a  discussion  ot 
-the    design    of  the  experiment.     These  discussio)ns  illustrate  the 

type  of  points  that  should  be  kept  in  nind.' 
-  1.2,    Why  are  we  interested  in  the  data?  ** 

It  is  useful  to"  think  of  some  interesting  questions  be- 
fore st^Hing  to  look  at  the  data.  What  do  we  want  to  ijearn 
about?  The  questions  may  be  fairly  obvious,  but  it  is  yood  to 
have  them  specifically  in  mind.  For  example,  if  we  measured  the 
speeds  of  cars  under  two  differ«it' conditions.,  «e  might  ask  some 
of  the  following.  Are  the  speeds  ab<^ut  the/ssune  under  the  two  " 
conditions?  If  the  cars  travel  faster  ih  (Sne  situation,  by  how 
much  are  thev  faster?  Are  they  uniformly  faster,  or  is  there  an 
overlap  in  the  speeds?    Are  there  some    cars    that    go  €^tremely 

•fast  or  slow  under  one  or  the  other  condition? 

«  ■ 

Interesting  questions  can  range  from  very  specific,  to 
more  general.  "^Moreover,  on^^lll  often  think  of  additional  in- 
teresting questions  after  the  analysis  haa^ begun;  ^is  should  be 
encouraged,  and  sometimes  these  questions  turn  out  to  be  the  most 
useful  of  all-  Howev&r,  it  16  de'sirable  to  have  some  questions 
in'  mind  at  the  beginning,  and  these  questions  c^  serve  as  a 
focus  for  the  analysis..  Some, of  the  statistical  methods  of  this 
paper  are  directed  at  speci^S^p-^  questions,  while  others  are 
"^*ifdirected  at  more  general  questions.  ^ 

1.3.    Are  thex*^^  any  particularly  striking  features  of  the  data?  ^ 
Generally  the  first  thing  to  do  with  the  actual  numeriV 

r 

r 

cal^  values  Is  to  simply  look  through  a  listing  of  th«n.  Are 
there  any  values  that  look  so  strange  and  unreasonable,  compared 


PS  5- 6 


< 


with  the  re53t  of^^he  values,   that  it  is  likely  that     some  .eircrs 
in  '  recording    were  made?    tor  example,  if  most  of  the  car  speeds  . 
are  from  10  to  35  mph,  but  one  is  120  and    another    is    i.b,  one 
might    suspect    t^at    an  error  in  recording  the  decimal  point  had 
been  made  in  each  of  these  cases.     If     there    are    such  outlying 

V  '  r  \ 

values,     the    work  leading  to  them  should  be  checked  in  detail  tcx 
see  if  errors  were  made*     Sometimes  an  error  will  be  tojj^d  whxch 
can    be    corrected,  and  sometimes  it. will  be  clear  that  there  was 
an  error  made,  but  it  cannot  be  corrected^     Then  this  value  must 
'be    discarded    from  further  consideration .  however,  sometimes  no 
Q,rror  w411  be  detected,  and  then  the  qusBtion  remains  as    to  how 
this    value    should    be    treated  in  t^e  rest  of  the  analysis.     No  , 
Simple  d^erveral  answer  is  possible,  but  it  is  importamtj  to  realize 
that    tl^ere  is  a  possible  spurious  value  .  (or  several  >>a3.ues),  and 
to  think  about  the  effect  this  may  have  on  any  df  the  subsequent 
aitalyses*  ^ 

In  eyeball^ng  the  data  one  should  also  keep  in  mind  the 
questions  that  are.  ^ppr^ria^e  for^th^se  data,  as  discussed  in 
section  1*2  above.  *Just  looking  at  the  nurierical  values  may  give, 
easy,  obvious  and  complete  ans^Prers  to  all  the'  questions  ot  in^ 
terest.  If  so,  then  there  is  no  need  to  proceed  with  more  com- 
plicated    ntanerical     or     graphical     methcx3s.       For  mpst  problems,  ^ 

■  m 

though,   at  least  one  nunerical  and/or  graphical  technique  will 'be 


-  of  value  beyond  an  eyeball  examination.  However,  a  look  at  the 
nijr.erical  values  Is  generally  simpl  and  should  be  done  t  irst ; 
if  ^this  gives  clear  and  sufficient  answers,  nothing  further  is 
required  for  these  data. 

450 
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certaim  dne^sampl e  summaries  pr  displays  adequately 
clescribe  the  data?  .  ^ 

Often  an  interesting  part  of  the  data,     or    the  entire 

.data,  consists  of  a  set  of  measur^ents  undejr  "One  condition,  tor 
#»x«nDle,  one  tnay  wish  to  k.now  the  distribution  ot  the  speeds  or' 
cars  neasured^  at  a  certain  int:ersection#  In  amothei^  class i  one 
TTiay  wish  to  knov?  the  improvements  of  students'  score^  measuted 
under  one  methoc^l  of  teaching.  Summarization  of  the  values  by  one 
or  more  one-sample  statistics  is  usually,  v»orthwhile.  \Seyeral 
one-sample  summary  statistics  — •  such  as  mean,  median,  and  inter- 
quartile rahge^j^  are  discussed  below;  different  statistics*  lare* 
appropriate  depending  .  on  the  sort  of  questions  that  are  being 
^sked  of  the  data.  The  discussion  points  out  th'e  type  of  ques- 
tion   that    each  statistic  is  directed- towards  and  gives  some*in- 

'       •  '.  ■  * 

formal  comparison" of  several  /Statistics     that    are    directed  i  at 

.      -  ■       .      -   .  ■     .-  t/^ 

similar    goals.      For  ^me  pro,blems  these  simple,  one^sample  sum- 

*nary  statistics  are  entirely  adequate  for  the  questions  and  ^  pur-^ 

pORes  at  hand,  and  no  further  analysis  is  r^uired.- 

Several  simple    graphical    fnethods    are    available  tor 

displaying  ^  the  values  in  a  F^et  cf  .data.     Two  methods  usetul  m  ^ 

variety  o^  situations,  the  histogram  and  the  empirical  cumulative, 

distribution    plot,     are    presented  bel^^f^     For  most  sets  of  data 

these  renuire  slightly  more  effort  t^o  construct  then  do  the  sum-- 

mary    statistics  discussed  here,  but  graphical  methcKis  often  lead 

to  a  better  understanding  of  thefentire  set  of  values  than  would 

he    obtained  with  just  summary  statis.tics^     Graphical  methods  of- 

ten  expose  some  interesting  aspeqt-of  the  values    that    could^  be 
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nisni=»c'  if  only  summair^'  statistics  were  calculated.  Thus,  yraphi- 
cal  methods  arie  more  likely  to  suggest  new  questions  concern xnt, 
th«  riata.  Cif^nerally,  it  is  usetul  to  construct  at  least  one^ 
qi;aph  from  a  set  ot  values*  The  amount  of  ettort  required  is 
^all  compared  tq  the.  etfbrt  required  to  get  a  c|OOd  set  o£  meas- 
urements   and  a  good  set  of  summary  st'atistics,  and  the  potential 

benefit  is  large,  . 

I 

How  can  two  se^ts  of  ^  measurarten ts  be  compared? 
/  |\      In  many  experiments  a'  central     purpose     is    to  ccnr^pare 
values    obtained     under     two    different,  yet  related,  conditions. 
For  example,  car    speeds^   could     be    measured    with    a  pcHceman 
nfesent    and    without  policeman.     The  performance  cf  child^in 

could  be  measured  under  two  different  methods  of    teaching.  The 
f  irs^    thing    one    can  d^  is  t*o  summarise  each  ot  ?the  tvio  sets  of 
^lues  using  some  appropr iate\statistics.i«?     That    is,  separately 
treat  each  set,  summarizing  it  as  discussed  in>  section  1.4  aJcTOve. 
This  is  scxretiines  adequate  to  show  that  £her^">fi  clearly    a  huge- 
and    important  difference  betveen  the  measuremenis  obtained  under- 
the  two  ^cpnditions,  or  alternatively  that  there /is    an  extremely 
sffjall  and  negligible,  difference  -between  the  measureme-nts  obtaii^ed 
under  the  two  conditions.'    If  answers  to  the  important  questions 
are    clear  ^^p^    obvious,     more    complicated  an^yses  are  not  re;z^ 
quired.  ^ 

Just  as  in  looking  '  at.  one  set  ot  (^ta,  graphical 
methods  can  l5e  extremel^)  use'f  ul  in  examining  and  comparing  two 
delated  sets  of  measurem^ts. .  One  possibility  is  to  make  one^ 
sample    graphs,     such     as  histograms,  separately  tVr  each  sample. 


Howf»ver,  this    does    not    directly    bring    out:    similarities  and 

diffftfcahces    between     the  two  samples  in  one  plot  and  can  J.ead  to 

faulty  comparisons  if  not  dravm  carefully.    Part    II   .presents  9 

Qfraphical    method,     called     the,   q-q    plot,     that  is  specifically 

designed  for  comparing  two  sets  of^   data.      It""  often     shows  in- 

terostlhg  {Aspects  of  the  data  that  could  be  missed  if  only  nun»er- 

icjll  summaries  or  one-s2unple  graphical  methods  were  used.  'Moreo- 

ver,     it  is  generally  easier  to  construct  a  q-q -plot  than  to  con- 

Struct  two  histograms.  '  Just  as  In  the  exatnlnation  qf  one  set  of 

measurements,    Vften    comparing  two  sets  of  values  it  is  gefterally 

useful  to  form  at  least  one  ^raph        pref  err  ably  a    q-q    plot  --j- 

from    the    data*      Again  ^  ^  thm  amotlnt  of  effort  required  is  small 

compared  to  the  effort  required  to  get  a    good    set    of  roeasure- 

ments,  and  the  potential  benefit  is  large*' 

^  .  "  ■       ■  ■■■  ,^    '  . 

I*6.    How  sure  can  wg  be  that  an  apparent  difference  between  ^ 
*  ■-         *  ■' 

two  sets  of  Measurements  ig  xeal ,  and  hot  Just  due  to 

^  '      random  fluctuations? 

Sometimes  initial  examination  of  two  sets  of  data  |^e- 
vealsi.  mme  apparent  taiffer^ces,  but  not  overwhelming,  clearly 
importamt  differences.  One*wants  to  know  it  the  apparent  differ- 
ences  are  real,  in  sc^e  sense.  One  way  of  thinking  about  tnis 
que^p.on  is  to  ask  if  a  replication  of  the  entire  experiment 
would  yield  results  giVipg  about  the  same  important  differences 
between  th6.  two  sets  of  measurements  as  was  observed  in  the  ori- 
ginal data.  If  the  answer-  is  yes,  then  it  seems  safe  to  treat 
the  djftferertce  as  real^  However  ,  i^  the  answer  is  no,  then  one 
should    realize  ,  that  this  difference  Ri4-g>ift  only  be*  due  to  random 
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fluctuation,  rather  than  to  real  differences  cor^res ponding  to  the 

two  conditions  under  which  t^e  measuranents  were  obtained. 

Often  the  beet  way  to  answer  this  question  is  to^  re-<lo 

the    experiment    and  see  how  t^e  results  canpare.     In  any  experi- 

•  r 
ittent  there  are  many  factors  that  could  influence  the  result;. 

For  example,  Suppose  a  class  wants  to    determine  which 

of     twp    meth6dR    of     teaching     a    unit  on  i!ractio"ns  gives  better 

result  si  expieriinent  -is  done  whereby  different    children  from 

"  the    same  class  studv  using  each  method,     bone  factors  that  might 

influence  the  results  ^re  the  fol lowing s     the    material  prepared 

' f         by    the.  children;     the    time    of    day    ip  which  the  material  was 

«• 

presented;  the  sex,  age,  and  educational  ability  of  'the  childr'en 

in  the  two  groups;  and  the  motivations  of  the  children ,;'etc.     One  • 

«■.  * 

might  argue  that  sbpetof  these  factors  '.should  not  make  much 
difference,  but ^  the -Only  way  to  really  tell  is  to  replicate  the 
experiment  (perhaps  more  than  once).  ■  If  tbe'entire  experiment  iiBs. 
done  again  Independently  by  different  gro^iffs  within  the'class  or 
bv  gtoups  in^ another  class,  and  if  the  differences  between  the 
two  methods  of  teaching  turn  out  about  the'-saune  as  tiRey  wer-e  ori- 
gin  ally,  then  one  would  feel  more  confident,  ^that  fX-^^,  -  t^'ihlt^ 
.really  should  be  believed  ( f qr^gM^^"^'"^  tihese  backgrounds)  _ 
tf^an  if  thiB  replication  h,ad^_j^^^l$ii^^^r formed.  If  the  results 
turn.out  to.be  dras^ig^Jbliy,  different,  t^      one  would  like  to  know 
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•feront,   emd  further  investigatiowi -might-v .  t-e-^  r 
iuir.^l^f^^y    rejdoing    th«v'S;^x^e1-iffteht  allow^  ^K^t*of*iy  fr-  " 


varying  pei 


suits  dufe  to    internal  variability^    such  as  the 
e  of  the  students  in  this  particular  class  over 


Tis 
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tlPte,  but  alBO  for  changes  in  results  due  to  external  factors, 
Such  918  the  Be  listed  above*  .  Sometimes  differences  in  results  due 

V. 

to  changing  these  '^extern^l  factor?**  are    larger    than  initially 
susnected^  repl locating  the  entire  experiment  is  a  good  way  to  get 
j^some  idea  of  their  magnitiide* 

Replication  of  an  experiment  can  involve  a  lot  .  of  et-- 

■  ■  ■     ,  /  ■ 

fort,  time,  and  money*  f>ometlmes,  before  doing  this,  it  is 
worthwhile  to  ask more  specific  question  of  the  data.  Consid- 
ering   only    the    variability  that  appears  within  the  two  e»ts  of  . 

data  that  we  have  available,  could  this    observed    ditf e^ence 
« 

dutf*    merelv  ^to    chance?    That  is,  considering  only  the  internal 

variability,"  could  random  fluctuation  '^'lon*:?  hav^  led  to  the  ob- 

'  f  '  . 

served  difference  between  the  two  sets?    If  the  answer  is  yes,  we 

might  be  less  enthusiastic  about  rpplicf\ting  the  experiment,  "^than 

*  .  * 

if  ttie  answer  were  np,  A  statistical  technique  that  gives  an 
*  answer  to  this  cruestion  is  presented  in  Part  III  ot  this  paper. 
Some  addit-ional  cor^ments  on  replicating  the  experiment  also  ap- 
pear  in  Part  III^  The  statistical  method  given  there  is^  often 
useful  fJFi  >a..  first  st^  in^  tr^^ing^  to  decide  it  the  apparent  ^ 
iit{:>ronceB  between  ts+re  two  sets  of  data  are  r^al  and  importaA^, 
^ven  if  the  an-svrer  is  yes,  students  may  want  tb  replicate  the  ex-- 
oerim^t  to  ^onpare  the  actual  r^^sults    v;ith    the     indication  ojt 


thi<i  nt£|tiatical  method. 


The  jeneral  ^i^hllqspiphy  Qt 


4^ th^€. .  ja«£t ipn  • 


should  first  understand  what  the  data  actually  measure^  then  have 
some  Imnortant  questions  in  mind,   and  then  prbcee^-^f rom  '  simpler 
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ta  mof  e  connley  analvEe??.  It  the  simple  a^alysf=s  'jive  clear  ar.o 
resoundinq  ansvprs  tc  the  questidnf;,  then  t:h«re  Ik  no  ijeed  t,o  use 
iior«  cc3nDlica't<^d  techniques,.  However,  there  are  situations  vjhere 
the  more  compiicatcd  tecJmique^  do  indeed  fjive  additional,  u^elul 


information. 


II ,   MFTHODS  KOK  ■EyAMlNlKCj  C>^E  OF  .^EAbUKE^'lENTb 

In  the  consumer  research  unit,     classes    experiment  tc 
learn    cha^^cteriftfcs     and  -  advantaye'lp  of  various  brands  ot  pro- 
ducts.     One  class  cho's**  to  investigate  th^lifetine"  of  rl-ashlight 
batterleW,     •  After     some  dlscu^sion^the  students  decided  to  limit 
themsBlyes  tQ  jjast  two  brands,  brand  A  and  Brand  B ,  in  their  mi- 
tial     stud^/  and  to  destgn  an  experiment  to  evaluate  the  lifetimes 
of  ne^"  batteries  trom  these  brands.     Instead  of     just    using  one 
battery    trfim    each  brand,  putting  them  into  two  flashlights  that 
♦^ould  be'  turned  on  %  simultaneous ly     and     then     seeing    vhich  one 
btirned'out  first,  they  decl-ded  that  they  would  obtain  a  more  pre- 
cise answer  if  they  c>ij5ck>d  several  batteries-   f rom  .  each  brand. 
Experimenting  V7ith  several  batteries  f rcnn '■ffsreta  brand  allowed  them 
to  obtain  a  better  idea. of  the  variability  of^each  bx/and  ot  bat- 

« 

terle-s    chosen,     '  Since  there  were  Z2  students  in  the  class,  they 

'  / 

decided  to  test  11  batt^rHes-,  from  eerch\  branti  a    total    pr  22 

batteries.       '^"^^^  ■  ^  flas>ilight  trom  home, 

,.s^.nc^  i^^5^p^6iff<J?^  batteries  at     the"  same  time. 


^^^^^'^■(ii.r^'  'also    allowed     the  .  batteries     to     be  compared  in  "typical* 
' '■• '.  'Vibusehold  flashlights,  rvath^.^ti\an  new     flashlights.-.    ..Some  -bat- 
terles    night'    perform  relatively  better  An.  "'^w  flashlights  while 
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other  batteries  might  rerform  relatively  better  in  typical  tlash- 
l>5ht«s^  It  seems  more  .  useful  to  compare  catteries  in  typical 
flashlicjhts  rather  than  n^  flashlights. 

*, 

Another ^aspect  ot  the  experiment  involved  obtaining  11 
sets  of  new  batteries  for  each  seunple.  One  factor  that  miyht  af- 
fect the  lifetime  of  a  battery  is  how  long  the  battery    has  been 


on  the  shelf  or  in  the  stockroom  of  the  store.  Buying  all  the 
brand  A  batteries  from  the  sap^  store  might  yield  batteries  that 
had    been    shir^ped    togethejr  If  ran    the  manufacturer  and  were  all 

unusually  fresh  or  unusually  old.     Thay  might  thus    give  results 

It 

that  viould  not  be  typical  of  all  batteries  of  this  br«id  that  are 
actually  for  sale  in  the  ^mmuhity.     Thus  the    class    decided  to 
niirchase  the.  batteries  ser'arately  from  a  variety^  of  stores  in  the 
area.     The  hew  batter ies,  f1   set??  each  of  Brand  A    and  Brand 
were  assigned  haphazardly  to  the  22  flashlights.  *^ 

It  was  necessary  to  diecide  precisely  whfen  the  batteries 
wore  out,  so  the  following  system  was  devised.  The  22  flash-- 
lights  were  lined  up  on  a  table  in  a  dark^  closet  shining  on  white 
cardboard  four  ♦  f eet  away  from  each  light.  Over  time  the  lights 
got  dimmer  and  dilTtmer,*so  it  was  decided  that  a  flasjilight  would 
be  defined  as  out  when  it  gave  no'  visible  spot  on  the.  cardboard 
in  the 'dark  closet.  When  a  flashlight  did  go  off  the  l^ulb  was 
checked  tb  make  sure  that  the  batteries  had  worn  out  and  not  th^e 
bulb.  The  flashlights  vjere  arranged  haphazardly  so  that  the  ob-- 
servers  wou^Ld  not  Kjhow'  l^f  a  .p^:^^ticular  light,  contained  braiid  A  or 
iNms^^®!^^  went  out;  then     the  flashlight 

was.  orayilsit  a        the  *  time  and  brand  of  batteries  recorded.  The 
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Jights  were  turned  on  in  the  morn  incj  and  ott  at  the     end     ol  thfe 
school    day;  during  the  cjay  the  students  alternated  ch^kxns^  them 
even/  b  nlnutest  recording  and  removing  lights  thatf^ad^^ne  out.  ^ 
Thus     the  lifetimes  of  the  batteries  were  recorded  to  the  nearest 
tenth  of  an  hour,     i'he  data  obtained     from    this    experiment  are 


• 

below  in  .hours: 

• 

'  brand  A 

Brand  B 

b.8 

.5 

4.2 

^       12. S 

7.2  * 

8.1 

11.4 

5 . 3 

5..1 

3.  1 

10.0 

 15.2 

b.3 

11.3 

^  11.9 

5.0 

11.1. 

7.8 

4.b 

b.9 

8.9 

» 

■■ .  '  An  eventual  goal  of 

this  experiment  was    to  make 

useful  statements  concerning ^  the  relative  lifetimes  of  the  two 
brands  of  batteries*  However,  first  it  Is  reasonable  to  consider 
ways  of  summarizing  and  presenting  the  values  separately  tor  each 
brand.  .Before  explicitly  consider mg, ways  of  comparing  two  sets 
of     data^  as  presented  in  Parts  II  and  111,  wi*  will  first  discuss. 

>  V 

several  ways  of  examining  a  single  set  of  values.  The  values  ob-- 
t^ain^ed  ^or  each  of  Brand  A  and  Branft  B  will  be  used  to  illustrate 
the  one-sample  methods  discussed  below.     One  Simple  way    of  com-J 
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oaring  two  sets  of  measurements  is  to  separately  summarize,  each 
net  using  appropriate  one^-samDle  techniques.  Then  the  -^ummariza- 
tions  for  the  V wo  sets  of  values  can  be  informally  compared  to 
each  other#  This  is  often  a  useful  first  step  in  comparing  *two 
sets  of  measuronentBi  and  for  sc^ne  sets  of  data  xt  gives  clear, 
sufficient  answers  to  the  questions  of  interest.  However,  tor 
many  flets  of  data  the  methods  presented  in  Parts  11  and  III  yive 

valuable    additional     information     that    might     be  missed  it  only 

It 

one-sample  methods  were  used  for  conyparison;  moreover,  the  method 
of  Part  II  is  particularly  useful  ^or  clearly  displayinq[  the  re^^ 
latlonships  between  the  values  in  the  two  sets  of  measur 'OTen^s, 
^vm\  if  these  relationships  might  be  discovered  frcn  just  using 
6ne--sam}ile  methods.  *  . 

We  can  see  from  the  ntmi^ers  obtaincsd  from  this  experi^ 
meht  (and  nrobablv  ftom  the  other  experiments  that  you  have  prc^ 
viouslv  performed)  that  the  values  ob^ined  in  a  semtple  are  not 
all  exactly  equal  to  the  same  value.  There  is  a  distribution  of 
values.  One  can  summarize  the  distribution  of  a  sejL  of  data  by 
calculating  a  ntmber  of  summary  statistics  fran  the  values.  In 
this  example  a  basic  question  in  which  the  students  were  in- 
terested  was  whether  there  is  a  general,  over-all  difference^ 
betw.een  the  lifetimes  of  Brand  A  *)atterie5  and  Brand  fa  batteries. 
A    nijriber  .  of  '  characteristics     about     the    distribution    or  each 

brand's  sample  will  affect  one's  thoughts  about  the  question. 

#  « 

•  First  we  consider  v?avs  of  indicating  the  center  of  the 
snnnle.*  That  is,  wart  some  measur.e  of  thp  location  of  the  set 
of  data  —  an  indibation  of*.  v?hat  if?  ^  "typical"     value,     in  some 
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^ense,  for  the  sample*  The  alFithmetic  average  ot  3.11  the  values, 
the  mean ,  is  one  measure  ot  the  location  a  sample.  The  mean 
of  a  samnle  i.4  calculated  by  sunning  th^  values  or  each  oi^sprva- 
tion  '  in  the  sanrle  and  then  dividing  the  total  the  number  cl 
obnervations  ip  the  sample.  Totallincj  the  observations:  tor  i^ranc* 
A  \w.  obtain  72. fc.     Nov'  we  divide  Ly  11  flnd  obtain  b.fo  as  the  r, can 

9 

of  thin  sample,     Tl^.e  nean  of  brand  L  batteries  is,  b,3. 

The  nean  is  often  ralcu lated  and  uf^ed  as  a  measure  ^ct 
the?  conter  cf  the  data,  but  it  has  certain  drawbacHn.  -bunpoae 
th«°  lirst  observation  instead  o£  bein^j..         was  'l^hon  the- 

nftan    of  the  satrple  would  be  11.1,  v^hich  ditt'ers  greatly  tronr,  the 
Drevious  value  of.  t^.b.     If     one    did    not  'look    closely    at  the 
numbers     then    he -..miqht     think     that  a  Brand  A  battery  generally 
lasts  h  hotirs^  loncgfer  than  a  lirand  h  battery,     when     actually  the 
average  is  that  high  mainly  due  to  the  value  of  one  battery^  The 
value  for  this  bSittery  coqld  be  so  hiqh     possibly    because  .  of  a 
-ntstaVe     in  r^cordiny  of  possibly  because  a  very  small  portion  of 
batteries  really  Jo  last  b  to  10     tint^s     longer     than    most  Dat^ 
'  teries.     So,   it  does  not  seem  reasonable  to  just  rely  on  the  mean 
.to  summarize  vrhere  the  center  of  the  data  lies.     ^though  the  ar- 
it>^etic    mean     is     often  userul,^it  does  not  always  give  a  value 
that  reflf=^cts  the  location  of  ^the  bulk  ot  the  data.     As    we  haye 
seen,     it  can  be  greatlv  affected  by  one  observation  that  happens 
to  be  n\ich  larger  or  smaller  than  al^^he  ethers^ 

The  jnedian  is  another  measure  of  loca'tdon,  and  it  does 
^ot  suff-er  trxm  this  drawback.  '  The  median  is  the  value  oi  the 
middle  point  in  a  sample.     it. in  obtained  xn  the     tallowing  way. 
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First,  jthe  sample  valuec  are  ordered  from  Rmallest  to  largest.  It 
th.*»  number  of  values  in  the  sample  is  odd,  then  the  median  is  de- 
fined/as  the  middle  value  in  this  list.  If  th^  numfier  of  sample 
values  is  even,  so  that  there  i.^:jm\o  single  noddle  valu^i  then  the 
median  is  defined  to  be  the  average  of  the  two.  nunbers  'in  the 
mi^le  of  the  list.'  Thus,  in  either  case  the  number  of  observa- 
tions below  the  median  is  the  same  as  the  niBuber  of  observations 
ahJove  the  median.     Our  two  samples  reorder  in  the  following  v;ay: 

order  number       1       2       3       4       b*t>       7        a         9       10.  11 
Brand  A  .  5  3 . 1   5.  0  5.  9  7  . 2  7  .8  9.  3     9.  5  1 1  . 3  1 2 . 8  .1  5. 2^ 

Brand  B  4,2  4.6  b.  1  t>.3  b.B  8.1   6.9  10.0  11.1   11.4  11.9 

Since  t*here  are  11  observations^  in  each  sample  the  t?**^ 
/largest    point    is  the  median,  i.e;<  the  median  of  Brand  A  is  7.8 

•  "  *  .  * 

and  of  Brand  B  Is  Calculating  the  median  does    not  involve 

adding  long  columns  of  numbers;  the  median  is  easier  and  fasten: 
to  calci^late  than  th,©  mean/^  Moreover,  there  is  l^ess  change  ot 
makirfg  an  arithmetic  ^llp  in  computing  the  median.  Also  ,note 
that  the  median  remains  unchanged  if  the  first  Brand  A  observa- 
tion     is     9.5  or  59. 5j  the  median  is  unaffected  by  a  few  outlying 

values.  i  '  • 

] 

N^*  Another  measurej  of  location  is  the*  mode,  defined  as  the 

most    frequently    occurring    value  in  the  sample.   .In  each  of  the 

•I  *• 

Brand  A  and  "Brand  B  lifetimes  no  value  occurs  more  than  once,  /sij? 
the  •  nodes  are  not  even  defined  her/e.  •  The  mode  is  generally  X^^p'^ 
useful  than  the  median,   especially  if  there  is    only    a  m<>dWatyiA 
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An  important  feature  ot  the  d«ta  is  xhe  variability  ot ^ 
the  values  .  in  the"  sample.  A  measure  of  variability  that  can  be 
easily  calculated  frpm  the  ordered  sample  values  is  the 
interquartile  range.  This  is  defined  as  the  difference  of  .the 
point  that  is  greater  than  2  5%  of  the  data  frcsn  the  point  that  is 
greeTtfeTvJthan  75^  of  the  data.  Thus  it  is  the  length  ol  the  in- 
terval.that  includes  the  middle  50%  of  the  data,  excluding  2b%  on 
each  end.  To  calculate  this  ne  .must  axplicitly  find  that  value 
that  is  greater  than  7  55^  of  the  sample,  and  less  than  2b%  of  the 

sample.      This    is  called  the  third'  quartile.     If  \  o^the  number 

/ 

of-  observation^  is  an  integer  then    the    third    quartile    is  the 
average -~^f    the    value^of  the  observation  with  that  ^r^er  number^ 
and  the  value  of  the  next  larger    observation.      If    3/4  of 
nutnber  of  observations  is  a  fraction  then  the  fraction  is  rounded 
up  to  the  next  whole  nvsrtber  larger  than  it  and  the  value    of  the 
third    quartile    is    the    observation     m    the  sample  whose'ord 
nimber  is  that  whole  number.     The  first  quartile  (the  observati 
larger    than:  ,  25%    or     1/4    of  the  sam{51e).  is  obtained  by  similar 
rules  applied  to  the  fraction  or  v^hole  number  which  is  1/4  ot  the 
number    of    observations.       (The    second    quartile^s  the  median, 
which  was  discussed^above. )    Our  measure  of    variability    is  ob- 
tained l^y  subtracting  the  first  quartile  from  the  "third,  ^artile. 

Now  let's  calculate  the  interquartile  range  for  each  ot 
our  samples.  We  have  11  points  in  each  saunple  so  3/4  ot  11  is 
4^  a  8  1/4.  'Therefore,  we  round  8  1/4  up  to  ^  and  the  third 
quartile    is    the    9^^  largest  observation  (i.e.,  the  observatdon 

402 
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*^^ose  order  ntsnber  is  9).     In  calcuX.atii^«f  the  tirst    quartile  we 

ty^t'^  of  11  is        =  2  3/4  which  is  rounded  up  to  3.     bo,  the 

first  quar>iie  is  the  third  largest  observation.     For    the  first 

sample,  the  value  of  the\  first  quartile,  the  third  larg^art  obser- 

vation,   is  5.0  and  the  third  quartile,  the  ninth  largest  observa- 

■   ^  ^[  \ 
tion,     is     11*3.      So,     the    inter^3<iartile  --range    of    Brand  A  is 

»    11.3  ^5.0  55  b. 3.     For  Brarjfi^  batteA^es  yie  interquartile  range 

is  11.1      5.1  5s  6.0.     The  inte^^^arti^  ranges"^  the  two  s2|iTiples 

are  about  equal,  meaning  that  ther^  is^at^uf^  the^ame    ainour|t  or 

variability  in  each  of  the  two  s^imples.     Consideration  of  thje  in- 

terquartile  range  sugge'^ts  anot»,her  statistic  that  could  be-  c^lcu-- 

lated    or*  a    measure  of  the  location  of  the  sample;  this  isidis*^ 


cu8s^  in  Appendix  A.         ^  ^ 

Now  let's  consider  using  t)i«^bove  summary  statist^s,. 
particularly    tl^   median  *and  the  interquartile  range,  to  comp2ire 

J 


^  j^,^^  two  setET  of  data.  Suppose  we  are  interested  in  vyheth^r^  or 
not  the  lifetime  ''as  a  "typical"  Bramd  A  battery  is  different 
enough  from  the  lifetime  of  a  "typical"  Brand  B  battery  to  be 
concerned  about.  The  median  gives  one  m^asu^e  J^t  a  'j^ypical" 
value,  and  we  fgund^above  that  the  medians  here  are  7.8  and  fe.1. 
However,  to  decide  how  we  should  feel  about^ these  values  we  must 
also  consider  the  variability  in  each  sample. 

n 

^  /  If  each  of  the  two  samples  had  miniscule  variability  — 

Buch  as  interquartile  ranges  of  0.01  and  0.02  —  then  we  might 
feel  prettv  certain  that  there  is  a  true  difference  in  the  loca- 
tions  of  the  twp  sets  df^-AaJta.  Even  so,  this  difference  ot  7.B 
vs.  8.1  night  be  small  enough  so  as  n"tft:        be    of    any  practical 

.  4G3 
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the  two  sampl es  hac 


an 


i  tor  branr?  B  they  were 
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interest.     It  each  o^the  two  samples  had  much  larger  /Vari 

•       *  I  ^ 

ty,     thouqh,  then  we  might  'be  much  less  certain  about  an  apparent 

difference  betvreen  the  locations  in  the  two  saniples. 

^  Here  the  interquartile  ranges  in  th^two  samples  —  b.3 
and  b.O  are  close  to  each  other.  These^^^^lues  are  large  com- 
pared  to  the  differences  between  the  t^^^rieans  —  b.b  and  3  '  — 
and  also  large  compared  |to  the^if f epences  between  the  tw©  medt- 
ans^ —  and'B.1.     The  Brand  b  meiJ[j.an  t^lls  within  the  interval 

containinq  the  ^middle  50^.  of  ^^e  Brnnd  A  data,  and  the  L'rand  A» 
mf»dian  falls  v»ith;tn  the  intarv^i'l  con t-.=iining  the  middle  50;%  of  the 
Brand  B  data.  There  is  substantial  overlap  ot  the  two  distribu- 
tions, as  could  also  be  seen  from  exar.ining  the  raw  values.  It 
seems  that,  even  if  tV^ere  is  ^ome  general,  cver-^all  ditference 
(''iJetween  the  tv!C , samples ,  this  difference  is  not  too  large  com-^ 
pared  to  the  intewrnal  variability  in  each  of  the  'samples. 

On  certain  pets  of  dat^  nhe  means  or    medians     and  tne 
interc^vvatrtile     range?     cf  the  two  sanol^^^re  similar,  lending  uk 
to  feel  that  feiie  tv»o  set?        i.iatn  are  basically  the  same.  howevr- 
^r',     morn    detailed     eyarination     sopvstines  discloses  mtj 
£f»atureF.     :HipfK)SP  the  order eci  values  obtained  ror  the, 
batteries  were 

.1      .4     7.3     9.G     11.0     14.2     1b,h     17.1     IbJo     30.  40. 


Insnection  cl  the  lt.'o  s^r^rli^c;  nhows  that  the*  rirst  t^r.rt 
^     /  '         ■        '    -  *  .  .  • 

third     quartlloF     are    equal;  moreover^   all  the  middle  >^Xues  are 

>  ^ 

equal.  The  mf^dians,  m te^rqtiar t il ran^jes,  and^  midTnieans  are 
ecual  in  the  two  ranjgleB*  It  v;e  were  to  ^ust  £>top  ai  tej|^  conipar- 
in«j:  th^^s^=^  .statistic?;  we  v.'culd  probably  feel  that  ucth  brar:ds  or 
battpj^ac  had  the  name  distribution  or  lifetimes,  sc.  it  doesn't 
-natter  vhich  of  tho  tv^o  brands  is  iAr;ed#  howexi^tf  inspection  ^cf 
the  Bnallest  values,  of  brand  A  shows  that  ::hi5  cj^and  has  a  possi- 
bility of -failincj  alrtost  immediately  2/11  of  the  time,  whereas 
Brand  h  la.=5ts  a  minimum  ot  3  or  A  hbur^*  So,  for  example,  it  we 
^were' nurchaRincj  batteries  to  taVe  on  a  oanping  trin  we  micjht 
nrefer  to  buy  brand  b  batteries,  believiny  that  t'hey  v;ill  last  at 
least.  3  liours.  However,  inspection  of  the  2  larqest  points  of 
sample  A  nhows  that  they  are  much  larger  than  th^  two  largest  of 
sampJe  b.  so,  tor  example,  if  we  were  buyirny  "^Kftteries  to  use 
around  our  house  where  v/ei  can  have  a  supoly^f  •  then  on  hand  or 
where  it  is  ea53%*  to  buy  mere  v^hen  th<^^  qo  ou^Vf  then  we  might 
nrefer  Brani  A,  hoping  to  occasional!^'  get  a  battery  that  vrill 
last  substantially  longer  than  any  of  those  from  brand  b. 

This  is  an  extreme  exampl^e,'  other  ,  configurations'  or 
the  relationship  betv^een  the  small  and  large  points  in  ooth  sam-- 
nles  can  occur,  ancl^  if  would  'be  possible  to  sr^eculate  on  Hiow  we 
would  feel  about  such  iron  f  igur 'it  ions  •  sometimes,  for  certain 
nurposesi  we  really  voulcin  '  t  car^i  about  the  jrelationship  oi  the 
small  and  large  valyes  in  ^he  two  namoles.  However,  if  we  might 
be^  interested  in  the  smallest  and  largest  points.  (especiailY  when 
there    are    many  observations  and  it  is  difticult  to  just  eyeball 
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the  list  of  ordered  observations  to  learn  what  is  yoincj  on  j  then 
other  techniques  are  often  usetul^in  examinthg  the^distr ibut icns 
of  the  two  f^a'mples.  ^ 

The  preceding  xiiscussic5n  has  tocussed  on  several  numer-- 
ical  statistics  tor  summarizing  a  set  of  data*  However,  it  is 
ofti?n  useful  tp-  simply  present  the  data  using  ones^or^more  grap};i- 
cal    methods^  'interesting,  special  features  of  the  data  are  gen-- 

eVallv  more  readily  discdvered  through    t^^raphical    displays  than 

•  .f  _ 

through  nisnerical  supimaries.  Even  when  tb^re  i 9^  nothing  "unusu- 
al"  aboiat  a  set  of  data  a  graph  is  a  useful  way  of  looking  at  the 
data  and.  of  transmitting  the  informatiai  in  the  data  to  others* 

*  A  widely  jjse^/'^ot  for  displaying  one  sample  of  values 
is  the  histoc^ram,  or  bar  graph.  This  plot  has  the  possible  ob- 
served values  on  the  ^rdzbntal  axis;  the  vertical  height  of  the 
bar  that  is  dravn^  ab^e^  each  value  indicates  the  ntsnber  of  times 
this  value  has  appeared  in  the  sample.  Many  times  the  horiacHital 
axis  is  divided  into  intervals  so  th.at  the  height  ot'  the  bar  in-  * 
dicfates  the*  number  of  observations  falling"  in  each  interval*  A 
possible  way  of'scomparing* two -sets  of  data  is.  to  draw  the  histo- 
gram from  each  sample  and  then  visually  compare  the  two  histo- 
grams.       Figure     1     gives     the     sample  histograms  tor  brand  A  ai^d 


Brand  h  batteries. 


4  ii  0 
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One  thing  we  notice  is  that  the  si^prtest  and,  longest  iiretines  ct 
Bi;and        batteries-  Wfere  more  extreme\tham  the  corresponding  lite-" 
tines  f jSfSSB^Br^id  Kach  histograBiv  i/s  basically    centered^  about 


the  ^  mod 


or    that  sample,  '.and  the  spread  o£"  most  bf  the  data 


looks  aboyt  the  same  in  the  two  histograms*  This  agrees  with,  the 
interquartile  ranges  being  close  to  one  another. ''^'.^he  histograms, 
though,  giVe  the  addition ea  In^rmation  that  the  extjrenie  values 
appear  to  "differ  betwaen  the  two  sarn^Jles.  •  , 
Construction  of  a  histo%rami  invbives  an  inherent  prob- 
lem.  Cla^s^  intervals  along  thie  horizontal  axia  must  be  chosfiii^ 
/-T«Q^^.^5^nding  on  vhere  one  chboses  the, class  intrervals  the'  histo- 
graiPj^can  loojc' very  differeH.t.  In  Figure  2  we  list  a  sample  of  11 
nifttl^rs  and  then  create  4  his,tograms  using  these  nxaiibers* 
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It  is  easy  to'^see  that  as  ve. divide  the  data  into    ditferent  in-- 
\tervals  the  shape, of  the  histogram  changes  greatly.     When  coippar- 
*  Ing  two  samples'  Histograms        would  have  to  be  caretul     in  some 

way    that    the     intervals  we  choose  do  not  distort  either  sample. 

Hy -inspfectinq  the  f  irst  two  histograms  in  Figure  2    we    see  that 

even  though  th**  exact 'same  data  was  used  to  crea^^e  thes^  histq- 
.  grams  they  tend  ^  indicate  two    .ditferent    distributions.  This 

does  not  seem  to  be  a  verv  des-irabl'e  quality  of  this  technique. 

A  graphical  method  tor  displaying  one  set  of  data  tihat 

gets  around  thi's  difficulty  ia  the  cumulative  distribution  graph. 

This  is  closely  related  to  the  histogram  and     is     constructed  as 


follows.     Instead  of  plotting  the  number  of  observations  equal  to 

m 

a  given  value  or  falling  into  a  given  interval  on  the  vertical 
axis,  we  plot  the  number  of  observat ions' leas ■  than 'or . equai  to 
*>ach  observed  value*  on  the  v<»rtical  axi'^  vs._^the  observed  value 
on  the  hori2|£5frt^l.  axis.  There  is  one  poin»t  for  eac^  observed 
value.*.  Pigur4  ^  *gives  such  <3raphs  for  each  of  the    two*  sets  or 
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SometiiTves  the  plotted  points  are  Joined  by  hprizantal  and  vertl- 
cal  linds  as  in  Figure  3a^  giving  the '  appearance  of  steps.  OLh- 
ertimes  the  plotjtedr  points  are  joined  b\j  straight  line  segments, 
as  In  Figure  3b.  The  numbers  on  the  vertical  axis  are  often  di- 
vided  by  the  total  aampie  sizei  giving  the  proportion,  of  observa- 
t^ns  less  than  of  equal  to  each  observed  value;  thus  the  median 
afPd  quartiles  can  be  read  from  this  plot*  The  proportlorfs  start 
at  0  at  the  left  side*  of  the  graph,-  increase  through  the  middle 
of  the'graph,  and  reach  V  at  the  right  side#  Although  this  graph 
perhaps^  t^Oes  not  haive  the  intuitive  appeal  of  the  histogram,  it 
does  a  'better  job  of  showing  t,he  actual  data  values  and  any  gran-- 


0 


ularity  ;  that  is  present.     Moreover,  np  choice  of  class  intervals 
^ts  requiTed  to  construct  the  cumulative  distribution  graph. 

Part  II  presents  a  gr  aphi^cal .  metho^  ^plicitly  designed 

♦ 

for    comparing    the    clistr ibut ions    from    two  sets  of  data.  This 
method  permits  making  a  variety  of  comparisons    between    the  two** 
sets    more  easily  than  by'looking  at  separate  bist(>gra«ns  or  cumu^ 
lative  distribution  graphs  for  each  sample,  an<^  this  method    does  ^ 
nbt  Suffer  from  the  disadvantages  of  hiatogri»X  discussed  Abov%.  ^ 
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Siinr'Ose-  wp  tak?  all  observations    t'ron     the     first  one 

largf^jr    than     tb^^  f^^rst  quartilf  up  to  and  including  the  .  last  ob- 

servation  smaller  than     the     third     quartiJte    and     average  these 

values*     Thus  we^^^^rm  the  arithmetic  average  of  the  values  irk'the 

middle  .50%         the  data.     This  is  called  the  r.icl-mean.     It  is  not 

affected     by    extreme  outlyir.cj  valnr>R,   aj?  is  the*  mean.     Yet  it  is 

not  oV)tair.ed  from  just  c^ne  or  ^vio  data  values,   as  is  the  median. 

Conceptu>illy ,   it  is  sorrewhere'  between  averaging  all  values  —  the 

^ean  —  and   juRt  taking  th.e  middle  v^lue  —  the  median.  (Kov?ev- 

er,     n\i!^erically  it  need  not  tall  hetneen  the  computed  values  tor 

the  Biean  and  the  median.)     It  is.   somewhat    more    complicated  tb 

cal<:ulv^te     than     they    median.'       For  the  battery  data  of  ^e?ction  I 

th^re  are  11  observations  for '  each  "brand ,   so  th^  first  and  third 

f 

quartiles    are  'the     third  largest  .and  the  ninth  largest  observa- 

■  r  f '  ,  ■  . 


tions,  respectively.-     'ihus  to  calculate  the  mid-mean    we  average 

\  •  V 

the     fourth,  through  the  eighth  large.st  observations.-     For  rsrand  A 

.'  •  ■  .  ,  4  t  I 

this  gives 


■  p 


{5^'-»-  7.2  +  7.K  +  9.3  >  9.5)/b  =  39.7/b  =  7.94; 

^  '  ^  •  ^ 

for  Brand  B. the  mid-mean  le  . 

-  »  '       .  .        ..  .  - 

,     •  •      (b,3  +  b.b       fc.1   +  fc.9,-H  10.0)/b  =  40i.1/b  =  fa.b2..       ■  . 

.  Recall. 'that  the  medial  tor  Brand  A  anSbr^d  B  are    '7.8    ^nd  b.M, 
^  '  \*   r'^spectively.    jtfenerall'y  .the-T^ri^tnean  wil^  be  -fairly  clo'se  to  the 

.>n#»dian,  as  isfthe  case  vith\  botl6  sm^^oi^  dara  here.  ^  . 


gCTWttflNG  ONE  AND  TWO  SETS  0£.  DATA 

PART  II;     A  GRAPHICAL  METHOD  FOR  COMPARING  TWO  SAMPLES 

by 

« 

Lorraine  Denby  and  James  H.  Landwehr 


Bell  Telephone  Laboratories 
Murray  Ha.ll,  New  Jersey  07974 

This  s^c^tcm  presents  a  graphical  method  that  Is  useful 

for    displaying'    zuicL  compauring    two    sets    of  data.    \This  method 

displays  the ,  information  from  both  samples  in  a  single  plot,  arfd 

it  permits  .ele?ir  and  easy  comparison  of  many  different  aspects  of 

the  two  sets  of  mea8urein«its.    First  we  i*ill  ej^lain  and  pr^sent^ 

the    construction    of  this  plot,  using 'the  battery  data  discussed 

'in  Pprt  3^   Then  we  will  develop  and,,  illustrate  a  variety  of  pro- 

^  perties  of ^  the  q-q  plot  ?  throti^  use  of  the  q~q  plot  one  cem  make' 

^mahy  distributional  comparisons  between  two  sets  of  data.  Thi^ 
*"  -  - 

section,  ends  with  t4te  discussion        a  new  example. 

11.-^.    Ej^plaininq  fcjje  fi^  Plot  '       ^  • 

'        J-  -         -  ■ 

Corisider  the  batftfery  lifetime  experiment  that  was  dis- 

^•ctissed  i?^  Part  X.     The  data^consists  of  11  measured  \if  etimes  for 

each,       the  two.  brands  of  i>atterie8.     For  ease  of"  refer  en  ce\*  the 

■  •  •         -  ,     ^  ,  ■  '  ' 

data  are  listed  again,  below.:     *  '  * 

Brand  A      9.5     .5  r2,8     7.2  9.  3     3.  1  15.2  11  .-3     5.0-7.8  9 

<  \.  '         '1    f        '   ■    "  ^       \    '  ,     .1  - 

.  Bran^  B  •  "6.8^  4.^  '8.  1 /^l  ,'4  ^.  1  '10.0    .6.3  1 1 . 9'  1 1  .N  4l  6  8. 

■   \.   With  only  a  single  set  of  ji  timbers  ^  we  .(know    that  plots^ 
'such    ^ 'the«>tistogr)Kn  aneK^chimuiative  d£stribut^bp  gra^h  are  \J»m- 
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fuX  in  preserttlng  the  data.     With  two  set numbers    a  natural 

extension    is    to    try  and  find  effectiye  ways  of  presenting  both 

sets  of.  data  on  the  sameN^raph.     One  idea  is  to  plot    the  values 

in  one  set  against  the  values  in  the  other  set*  ^  \ 

r  For  example,  if    one    set    of  ^measurements    gives  the 

weights    ands  the  other  set^ives  the  heights  of  a  class  of  chil- 

dren,   ijt  i§  natural  to^thiKk  of  plotting  the  heights  against  the 

weight^t*^     That  is,  for  each  chtld  we  plot  the  weight  on  the  hor- 

izontal  axis  and  the  height  on  the  vertical  axis.      Each*  plotted 

noint  corresponds  to  one  cljild,  and  the  total  nunber  of  pointy  is 
n 

tne  same  as  the  niunber  of  childr^  who^e  heights  and  weights  were 
measured.  Examine^tion  of  such  a  plot  would  show- the  general  rar- 
lattonship  between  height  and  weight  for  these  children*  We 
would  ixpect  to.  eee  a  general  trend  that  taller  childreai  are 
heavier*.  We  would  also  looH  to  see  whether  or  not  there  are  cer- 
tain children  who  are  unusually  light  or  heavy  for  thair  heigh^, 
whether  or  not  t>iere  is    a    distincit/  subset    of    chdldrem  whose 

*  '  ,    ,*  y  1.        ■       -  • 

height-weight|  values  diffef  markedly  from  ^e  rest,  etc.  Anot;*i6r 
exaiftf^l^  of  a  situation  in  which  sychi  a  plot'would  be  ^jjsetul  -  is 
the    following.     Suppose  dataSgare  avatTable  giving,  for  each  city 

-   ' -v  '  ,       ..         '  *    '  /  ^      . .       '  ' 

in  a*stat6^^  the  ^total  popuJf^ticJn -Of  thfi^  city 'Snd  the  totals  public 
park  areay  in  the  'city^  •  A  plot-of  pairx  ar^ftagainst  po|!>ul at ipn , 
with  each  cbt.y  cotreepWding  to  a  point  on  plpt,  wo\ild  fee 

interest.     mU    might    wanl  to  *rnov»  whetlier  larger  cities  «end'  t< 
havd  i^ore^fikirk  area..  Interesting . special  features  and  -any  gen-* 


- 1:- 


eral  ■  rel,at  ion  ships  would  be  €x^4bit^  dlearly."  liaph  ©f  thlas^  ' 
'plot*  4.6  an  example. of  a  s^catteg^  plot.  *•        *  '  .  * 

472 
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Can  ^ia  idea  be  directly  used  with  our    battery    data?  j 
The'  ^answer,  unfoH44Pately,   is  no."   There  is  a  crucial  differ^ce 
between  the  two  exami^Jes  in  the  above  paragraph  the  battery 

exawnple*  ^  In  bot>Kthe  heights-weight  ^n^^  the  ^pul  at  ion -park  area 
examples  there  is  a,  natural  pairing  between  .the  two  sets  ot  meas- 
ure>nents»  In  the  height-weight  example  the  t.wo  measurements  come 
from  the  same  childr^;  each  height  is  naturally  paired  with  the 
weight  from  the  same  chi^d.  in  the  second  example  both  measure- 
ments.^re  made  on  the  same  city*  In  .one  example  each  ooint  on 
the  plot  gives  the  two  measureanents  for  some  particular  child, 
and  in  the  other  example  each  point  ;?ives  the  two  measurements 
for,  some  particular- city.  However,  irt^ the  battery^  exampXe^we  do^ 
fiot  have  this  natural  pairing  of  the  •observations  in  the  two  sets 
of    measurements.     One  set  of  measurements  simply  gives  the  life^ 


times  for  11  different  Brand  A  batteries,  wt^ile  the^other  sample 
gives  the  lifetimes  for  11  different  Brand  B  batteries.  There  is 
no  natural  iJinit/  such  as  a  child  or  a  ?:ity,  giving  for  each  value 
in  one  set  a  corre^^nding  value  in  the  other  set» 

^  t  It  might  be-usteful  to  plot  /  each  value  from'  one  set 
ag:ainst  the  **cor responding  value^  in  the  other  set  but  with  the 
battery  example  it  is  nbt  obvious  v7>^at  the  "corresponding  yaiue" 
should  be.     One  wa'juof  ai'sociatiing  "reasonable"  values  in  the  'two 

t 

s^ta  of  measur^ents  is  to  do  the  following.      First,     order  the 

•observations  from  smallest  to  largest  in  each  data  set,  obt;,ainih'^ 
values  a'e  listed  bblow^  '*      '  '       '  - 
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order  nvjnber  -    1^      2      3      4      5      6      7        8        9      10  11 
Brand  A".  '  .S'S.I  5.0  5.9  7.2  7.8  5^.3    9.5  11.3  12.8  15.2 

Brand  B  4.2  4.6  s'.  1  6.3  6.8  8.  1  8.9  JO. 6  11.1  11.4  11,9 


Now  we  plot  the  smallest  observatiton  from  Brand  B  against  the 
smallest  observation  from  Brand  A;  ,the  second  smallest  observai-  . 
tion  from  Brand  B  against  the  second  smallest  observation  from 
Bremd  A;  and  so  on,  until  we  finally  plot  the  largest  observation 
of  Brand  B  vs.  the  largest  observation  of  Brand  A.  This  plot  is 
given  in  Figure  1. 


1  ■ 
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This,  proces^.  makes  sense  here  because  the  sample  sizes  in  the  two 
data  sets  are  equal*  There  are  11  points  on  the  p^ot,  since 
there  are  11  observations  in  each  data  set.  Ea^h  point  does  not 
correspond  to  a  particular  person,  or  )ja  particular  city,  as  in 
the  earlier  examplesj  that  type  ot  c6irrespontienq|  is  simply  not 
possible  fot  ,  data  such  as  the  battery  e?janiple;  However,  each 
point  does  give  a  specific,  potenblaily  intere^stingf  aspect  ot 'the 
data.  One  point  shows  .the  largest  values  in  both  samples,  anoth- 
er s>\ows  the  fourth  largest  val\ies  in  both  sample,  another  the 
second  smallest  values  in  both  samples,  etc. 

The  plot  developed  above  and  illustrate  in  Figure  1  is 
called    a'q-q  plot.  the  sample  "Stzes  are  equal  in  both  sets 

of  measurements  the  q*q  plot  is  simply  a  plot  or  .the  ordered 
val^s    in  one  sample' vs.  the  corresponding  orders  values  i|i  the 

othe'r  samfU.e .  .  2  •  . 

Discussion  of  the  properties'  of  this  graphical  method 
,and  inte;rpret:ation8  of  sqme  exacnpli^.  plots  begin  in  Section  11.2 
below,  fwo  additional  ways' of  motivating  the.  construction  of  the 
q-q  plot  are  given  in  Appemdix  A.  Both  approaches  lead  to  exact- 
ly  the  same  plot  as  developed  above.  Cn^  approach  makes  use  of 
the  'cumulative  distribution  graph  which  was  discussed  in  Part  1. 
The  s'econd  approach  in  Appendix . A  makes  , use  jof  J.he  -concept  of 
quantiles^  The.  ^t^rm  q-q  plot  an  abbreviation  for  quantile- 
quantile  plot.  When  the 'sizes  , of  the  twp.  data  sets  are  not 
equal,  construction  of  th«  q-q  plot  i§t  slightly  m9re  complicated; 
this  is  discussed  in  Appertdix  */ 


47^ 


PS6-6 


II. 2.     Interpretation  When  Bo^  Samples  Are  The  Same. 

We  have  Just  discuss^j^ whjit  a  q-q  plot  is  and  how  one 
goes  ahout  constructing  it.  "^ut,  what  |g cod  is  it?  How  do^  it 
benefit  our  analyses  over  and  above  one  sample  summaries?  What 
properties  of  the  distributions  of  the  two  samples  can  we  compare 
by  constructing  and  inspecting  a  q-q  plot? 

This  section  and  the  following  four  sections  discuss 
and  Illustrate  how  various  aspects  of  the  two  distributions  can 
be  seen  in  q-q  plots.  An  extremely  usieful  property  of  the  q-q 
plot  is  that  it  enables  many  different  properties  to  be  compared. 

'  First,  let's  discuss  what  a  q-q  plot  would  look  like  if 

there  were  no  differences  between  the  two  sets  of  data  ant^  th"«i 
we  will  discus^ how  differ«ices  in  various  characteristic's  appear 
on  the  plot. 

•  Suppose  our  two  samples  of  dat^a  happened  to  contain  ex- 
actly the  same  numbers.  This  is  a  rare  occurrence  but  we  will 
discuss  it  as  an  example  where  there  could  be  no  question  whatso- 
ever that  the  distributions  of  the  two  samples  were  the  same.  As 
our  observational  values  in  this  case  we  will  use    the    first  1.0 

whole    nunbers.      The    f  irst    sample    consists  .of  10  numbers  — 

*, 

1,2,. ..,9,10  —  and  so  does  the  second  sample.     Figure  2  displays 
✓  »> 

the -q-q  plot  for  this  situation.     In  thia  case  the  plotted  points 

'       *  • 
fall  exactly  on  the^  45°  line  from  the  origin. 
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Even  If  the  point's  are  hot  so  evenly  distributed  as  are  the  first 
ten  whole  nunberS,  when  two  S£unples  contain  exactly  the  same 
values  the  points  in  their  q-q  plot  fall  exactly  the  4b°  line. 
For  exaiXple,  suppose  two  samples  of  size  ten  contain  exactly  the 
same  values  in  both  seunples  and  the  ordered  values  are  as  tol-. 
lowss 

V  t 

16.2  16.3  21.4  23.3  23.9  28.2  28.7  29.5  32.4  33. a 
The  q-c^plot  for.  these  data,  given  in  Figure  3,,    shows    that  the 
plotted    points    fall  exactly  on  the  45°  line  but  are  not  equally 
spaced^  along  this  line  aar  was  the  case  in  l^igure  2.. 


'^i      Hit-  I      i    III    t      I     'ti  i  I  •  I  >ji" i 

<y  «7  i«  ai  "W  if  Jtr  «  3»  3l  3f 

We  will  name  these  two  samples  as  our  example  .seunples"  since  we 
need  to  refer  to*them^in  the  following  paxfigraphs. " 

The  xrJkJser  the  plotted  points  lie  to  the  ^5°  line  the 
nore  similar  ^  the  two  samples  are,.  Now,  suppose  instead  of  iSoth 
samptes  con£aihing  values  that  are^^ex^tiy  equal,  t^at  they  ^con- 
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tain  points  which  are  nearly  equal  but  not  exactly.  Each'  obser- 
vation«^ln  the  first  sample  has  a  corresponding  observation  in  the 
second  sample  which  has  approximately  the  same  value.  For^  exam- 
plei  suppose  our  two  samples  were  as  shown  in  Table  1: 

♦ 


Sample  1 
Siitnpli^  2 


Table  1 

16.2  16.3  21.4  23.3  23.8  28.2  28.7  29.5  32.4  33.8 

16.0  16.8  21.0  23. 9i  24.4  2-7.6  29.3  29.6  30.8  36.4 

V 


i  The  q-q  plot  for  these  two  samples  can  be  found  in  Figure  4. 
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Here  the  two  samples  are  very  nearly  equal  and  this  causes  the 
•plotted  points  to  be  scattered  close  .to  the  4b°  line.  If  the 
plotted  points  are  obviously  scattered  about  the  45°  line,  then 
the  two  samples  are  considered  essentially  equal.  When  the 
scatter  is  not  close  to  this  line  or  when* the  scatter  is  about 
some  other  line  or.  even  when  the  plotted  points  follow  some 
curved  line,  theh  there  probably  are  some  differences  between  the* 

y 

two    distril?utions.      These    situations  and  their  interptretat ions 
•     will  be  discussed  in  the  following  sections, 

11,3.     InterpreMtions  When  The  Samples  Dif  fer-  In  Location -Median 
The  first  characteristic  that  we  will    di^cw^ss    is  the 
comparison    of    the    medians  of  the  two  samples.     Th6  median  (the 

*  *  .  * 

middle  point  of  the  sample)  iS' one  of  the  measures  of  location 
discussed  in  Part  I.  If  the  .medians  are  equal  or  clc^se  then 
ttiere  is  no  difference  in  the  center  of  location  of  the  two  sam- 
'  pies.  The  middle  plotted,  point  on  the  q-<3  plot  (or  in  the  case 
of  the  samples  with'  an  even  ggjmber  of  .  observations'';  the  midway 
point  betv»eei%  the'  two  middle  plotted  potnts)  actually  re^presents 
the  median  of  both  the,  first,  and  second  sample.  Its  value  along; 
the  horjjZbrjtal  axis  is  the  median  of  th^  first  sample  and  its 
value  along  the  vertical • axis  is  the  median  of  the  second-  sample. 
So,     therefore,     if  t>iis  middle.plotted  point  lies  on  or\close  to 

t  \ 

the  45°  li^e,  then  the  locettions  of  the  samples  ^e  the  sar^e,. 

Let's  consider  what  ha|»pens  when  the  example  sltrfipNle  i/s 
,    shifted    by  adding  a  constant  to  edch  value.    We  tajce  the'numoers 
as  they  stand  for  the  first  szunple  an4  for  the  second^  ^sample  we 
will    add    5  to  each  one  of ,  these  numbers.     So  our  .first  ean^le^s 

'v.      ■  -  ' 
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values  are  1 6. 2 , 1 6.  3 ,21 . 4, . . . 32  . 4 , 33.8  and  our  second  samples 's 
values^  are  21 .2,21 .3,26.4, ... ,37.4,38.8.  Figure  5  is  the  q-q 
plot  of  these  two  apnpl6s.  We  can  see  that  the  plotted  points 
lie    on  '  a    line  5  units  hl,gher  than  the  45^  line  and  parallel  to 


it. 


Figure.  ^ 


,  Thus  we  Bee  that '  if  the  two  samples  are^t^e  same  excei 

fox:  «  coBSt^t  dXiter&tice  in  the  corresponding  o^iler  vat  ions, 
the  q-q  plot  wi€l  be  shifted-  par al lei/'  the  4^5°  line.  The 
niwber  of  units  that  the  line^through  the  plotted  points  is  above 
the  45  .line  is  the  a^jjotint  Uiat-the:  sedond  sample|  including  the- 
f^fediW  'of  th^.  secomJ  saiiple,  IS  larger  than  tm  corresponding 
values  of  , the  tixst  sample^  Similarly*,  i£  the  Une  Nthroi^gJ}^*  the 
piotte^f  pojjnt^  *  parallel  t6>ut  biaow.the  45^  line,  then  the 
values  in  the.  f  Ast  Sample,  tn<:Iu«a>^g  the  median^ 'are  larger  than 
th6  •  corr'esiionding    yalues    in  th^  second  sample  i^y  the  anount  ot 
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their  shift.  .       ,  .  . 

Now,  disregard  for  the  moment  the*  difficulties  with  the 
use  ^of  two  histograms  and  consider  what  this  translation  does  to 
the  plot  of*  the  two  histograms.  figure  6  plots  the  ^first 
sample's  histogram  in  a  solid  line  an^  the  secopd  sample's  histo-* 

»  •  ^  -  f 

gram  *  in  a  dotted  line. 

•  ■      *  * 


W6  see  that  the  ^econd  •  sampl e' s^hifetcJgrwn  is  s  'units  to  the  righA: 
,of    th^t    of    th€^  first  sample.     Since  care  was  taken  in  choosing 
the  intervals- we  see  that,  other  than  the  fact    that*  the    second  . 
histogram    is    moved  to  the  right,  the  two  histograms  a<re  identi- 

» 

cal.  Indeed  tht^  should  be  since  no  other  aspect  of  the  distsibu- 

■  .  * 

tlons  v?ere  affected  by  the  addition.  However^  Figure  7  shows  two 

histograms  of  these  sagiples  when  the  interval  choices  disturbed  , 
the  shape  of  tha  two  histograms.  .  • 

*  \ 
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In  this^case  the  histograms  do  ,notJ  look  identical  and    one  might 
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conclude  that  there,  ar^  other  differences  between  the  samples  be- 
sides  a  shift  in  location.  Since^ye  Hnov  how  the  samples  were 
(*reajed  vre  know  that  this  is  not  so.  All  -  other*  dystribut^ional 
aspects  are  the  s£une  except  for  JLocation.  This  taifct  is  clearly 
<?vident  by  inspecting  the  q-q  plot  in  Figure*b,    '  * 

Now  let's  look  at  tfie'two  samples  in -Table  1  which  were 

determined    nearly    equal    by  their- q-q  plot,  in  Figure  4.  Recall 

"   o    •  * 

that  these  plotted  points  were  scattered  near  the  4b  Mne,  mean- 
Ing  that  the  two  samoles  were  es,sentially*sthe  same  In  all  dlstri- 
hutional  aspects.  If  we  merely  c^anqe  the  'location  of  the  second 
sample, by  adding'Sto  each  observation,  we  do  not  aff«ct  any  oth- 
er characteristic  of  the  distributions.  Figure  8  shows  the-  q-q- 
plot  for' these  samples.  * 

F»«gtc  ?   .  , 
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We  s^«^th,at  the  plotted  points  J  ie  around  a  line,  parallel  to  the 
.45*^    line  and  5  units  highet.     The  coHf  igur  at  ion  of  the  points  is- 
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the  same  as  in  Figure  4  but  just  shi'ftect  up.  If  we  were  to  sub- 
tract'  5  from  each  value  in  the  sedond,  sample  then  the  plottTfeG 
points  in  their  q-q  plot  would  approximate  a  line  parallel  to  the 
45°  line  but  5  units  below'  it.         '         .  * 

So,  in  supimary,  if  the  conflgurat;ionr  of  points    on  the, 
q-q    pldJi.  ^s  scattered  about  a  straight  line  parallel  to  the  45° 
line  t)ien  we  cam  conclude  .that,  tfie  Samples'   are    essenti^illy  the 

-  .  ♦  y-  •  • 

same  except  for  a  difference  in.  location.  This  difference  in  lo- 
catiort  is  indicated  by  the  Sutjount  and  direction  of  "the    ^hift  of 


the    lin^    through  •  the-   data  _from  the  45°  iine.     If  the/^a^ttei^ 
points  exist' in  some  other  configuration,   then,   there    are  other, 
differences'   between     the  distributions  of  the  ^wo  samples.  Dis- 

^  •  •  • 

i 

cussicJn  of  the  detection  of  these  .differences  is  contained  in  the 
following  sections. 

II. 4.     Interpretation:  When  Thg  Samples  Differ  In  Variability 

•  N  ■  *  ' 

flif  ^  4 

—  Interquartile  Range  •  '        -  • 

'  ■'  '  "       '    .  , 

The  interquartile  range  describes  the  variability  of  .  a 

single    seunple.      If    the  ;in terquartile  rangej  of  tw6  ^amples  are 

nearly  equal  then  t?\e  two  samples  have  the  same  variability.  The 

Interquartile  range  is  the  difference  between ^the  75  ^  pe!rcentile, 

* 

9nd  the perc'entile.     In  constructing  a    q-q    plot    the  25 

/  th 
percentile    of  .the  first  samplers  plotted  against  the  25  per- 

centile  of  the  second  sample  and  the  75      percentiles  of  the  sam- 

pies  "are  plotted  against  eack  other  (since  they  are  mereiy*given 

*  •        •  ^ 

ordered  sample"  observations).  In  csrrder  to  interpret  the  meaning 
of  'these  points  we  first-^need  a  short  digression  ^cc»icerning  the 
slope-  erf  a  line.  *  , 
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.The  's^Dop^  of  a  line  is  a  term  that  relates  to  .the 
, steepness  of  tYM  line.  The  4^°  line  has  A  slope  of  1  since  tor 
.every  increase  on  th&'*ffit izontal  scale  of  a  single  unit  the  value 

m 

of  the  ^rrespon<3ingi>^poihts  on  the  veaftipal  axis  increases  by  a 
9l*ng]ieJ  unit.  *fcines  that  appear  steeper  than  the  45°  line  have  a 
slope  greater  than  one.     For  ex'ample,  s^e  Figure  9b.  > 


^ 


If* 
■  3 
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f\       .  ■    ■  ■  ...      • .  J ' 

-  ■  .  ■  \  -        ■  ■         .     ■ ' 

Mere  we  picture^ fa  lir^e  with  a  slope  of  2;  For  every  ^single  unit 
change  on  the  horizontal  eixls  the  corresponding  point  on  the' 
vertical  ax^s  increases  by -two  units.  Pbint  (1,2)  is  plotted^  on 
this  graph.  If  we  mov^  to.  t\\p  right  from  this  point  one  unit  we 
obtain  the  value  2  on  the  horizontal  axis  and  this  corresponding 
point  on  the  vertical  axis  has  a  value  of  4 a  two  unit  i«r- 
cyrease.  Lines  which  appear  shallower  than  the  45°  line^  have  a 
slope  less  than  one  ;  as  shown  in  Figure  9c.  '  For  example^,  it  a 
line  has  sl6pe  1/2' then  a  2  unit  ifficrease  on  ^e  horizontal  axis 
corresponds  to  a  1  unit  increase  in  the^  vertical  directiQp. 

Now  let's  see  how  the  slope  of  the  line  on  the  q-~q  plot 
between  the  points  corresponding^  to  th^  first  and  third  quartiles^ 
Should  be  interpreted. '  The  horizontal  distance  betweei  these 
pointjs  indicates  the  interqua^rtoile  ramge  in  the  first  sample, 
while  tS^  vertical  distance  between  these  points^  indicates  the 
interquartile  range  in  the  second  sample*.  If  the  interquartile 
ranges  are  about  equal,  then  these  dist?inces  are  about  equal  so 
the  slope  of  the  line  joining  these  points  is  about  1. 

Consider,  for  instance,  our  l,ast  example.  The  inter- 
quartile range  of  the  ^amples  is  ^!h^-dif f  erence  in  this  case 
between  the  3^  and  8^"  largest  points.  So  the  interquartile 
range  of  the  first  saunple  1$  29, b  -  21,4  =  8,1  and  of  the  seccmd 
s2unple  la  34. §  26.0  =  8,6.  The  ^nterqi^artile  r§nge^  are  ap- ' 
proximately  f^qual.and  we  saw  in  Figux^e  8  that  the  plotted  .points 
surround  a  line  parallel,  to  the  45°  line.      You    could. ^ Calculate 

-   n  ■    ■  ■  ■  , 

the    Interquartile    ranges  of  the  other  samples  that  we  have  stu- 

*  '  ^  ■  * 

<[ied  and  you  would  learn  that  their  interquartile  rainges  would  be» 

♦ 


apprpximately  equal'.  This  ,  co 
been  constructed  for  each. 


to  the  q-q  plots  that  have 


Now  let'^s  again  look  at  the  data  pictured  in.  Figure  ^4 
on  page  8.  We  w»iil  transform  thp  observations^  of  the  secc^d  sam-- 
pie  to  have  twice  t|ie  variability/ of  the  first.    By  simply  multi-- 


s 


j>lying    eatfh  observation  of  the  second  sample  by  2,  this  sa\nple'' 
variability  is  doubled,  but    so    is    the    value    of    the  median. 
.  Ther^ore,  to  keep  the  sample's  median  the  same,  the  value  of  the 
mediari  must  be  subtracted  from  each  point.     In    other    words ^  we 
'will  transform  the  second*  samp}^e  in  the-  following  way; 


Ordered  Second  Sample 


Trahaformed  Sample 


16.0 
16.8 
2f.O 
S3. 9 

-    .  •  ^24.4 

27.6 
29.3 
29.6 

*  • 

•  30.8 
36.4 

median  =  ( 24. 4t27^'6  )/2 
.    s  26.0 


2  «:  16.0  -  26,0 


2  <x  16.8  -  -26.0 

.etc.       .  ^ 


6.0  , 
7-.6  . 

-21.8 
22. g  .* 
29.2 

*  32,6  • 

.'  33.2 
"   ^  ,  35.6 

46^ 

ft^lan  trauisf ormed^  sample  = 

(22.8+29.2)/2^  =  26.0 


The  q-q  plot^  of 


transformed  values  J»id  the  origi- 


nal first 'sample  is  shown  in  Figure  10.  ^fWe  notice  that'  the  medi- 
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an    iDplnt    still, •'lies;  dorse  to  the  45°  line.     However,  the  set  of 


p].otte4  -  points^  liek  about  a  line  wiih  a  slope  of  2« 


50 


19 


*f         ft*  'Sf 

This  graphically  J.ndicates  that  the  interquartile  rartge-  for  the 
second  sample  is  4wice  that,  of  the  first  samplei  i.e.,  the  varia- 
bility  of  the  second  sample  is  nov?  twice  that  of  the  first.  Thus 
there    is    no  difference  between  the  locations  of  the  two  sa^plea' 
but  they  do  differ  in  v'ar iabil ity.      '  .  ^ 

In  gener2d.,   if  th,®  plotted  points  between  the' two  guar-' 


tiles  surround  a  ehC|;^aight 'line  thenj  the  slope*  of  this  line  indi- 
cates the  relative  variabilities  in  the  two  sets    of    data.  For 

t  •  •  •  " 

example,  if  the  interquartile  range  for  the*^first  sample  is  |wice 


that  of  the  second  sample,  then  the  horizontal    distance  between 


ps6-ia 


thjs'pdintfi' corresponding  td>  the  quartiles  on  ikhe  q~q  plot  will  be 

'"'"^       /\  \ 
twice 'Jifehe  vertical  distance..    Thus  the^slop^on  the  g-q- plot  will\ 

'.-'*■'  .  •  '  J 

be  "about  1/2*    Another  way  o£  thinking  about  this  is  that^»it  the 

■'alKpe     is/*  1/2;     then     ad  j  acent*  observatiqhs  differ  in  the  second 

•  •  •  ^ 

sample  by  about  1/2  much  as'^djacent  observations  differ  .  in 
the  first  -feample;  the  variability  is  ^bou^  half  as  large  in-  tine 
second  sample  as  in  the^ first  s^mpli.  Similarly,  if  the  varia- 
bility    is  larger  in  the  second  sample,  -as  in  Figure '10,  th^ 


slope  will  be  greater  than  1 . 

.Since  the  points  in  Figiire  lO  surrouxjd  a  straight  line, 
there  appears  to  be^ no  other  difference  between  these  two  dlstri- 
but ions  thartthis  difference  in  variability.  If  the  points  '  we^e 
to  deviate  from  a  straight  line  then  it  would. Imply  that  there 
are  other  differences,  and  v^ej/eed' the  .  foll6w^rig  sections  to  in- 
terpret the  differenced  correctly.  ^ 

What' happens  to  the  corresponding  V^^istOgram  when  we 
transform  the  second  sa^J^Tple?  Figure  11  shows  the  two  histograms 
before  and  a^er' the  tran^ormation  ^    -     ;  »  ' 


] 


/ 
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■  ■I  im  T 
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VTe  see*  that  when  the  variability  is  doubled  the  sample  histbgrarn 
becc«nes  twice  as  wide.  *' Again,  to  see  this  the  class  'intervals 
have  to  be  chosen  correctly.  If  we  were  to  decrease  the  sample 
variability  by  haj^f,  the  slope  of  the  q-t?  plot  would  b^  1/2  as  in 

Ftcfnte  9c  and  the  corresponding  histogram'  would    become    halt  as 

„  if 

wid^,  ....  ^. 

II. 5.     Interpretatfion  of  Extrqne  Values  —  Tails  V, 

.So  far  we  have  seen  how  the  c<?ncepts  of  location ,  as 
measur^p  for  exaimplep  by  the-medi,an,  ar?d  var iabiJLity,  as  meas^ 
ured,  for  example,  by  the  intercjuartile  range,*  appear  in  the  q-q 
plot*  We  know  how  the  tj^q  plot  looks  if  two  sets  of  data  are  tfie 
•same  except  f or '  dif  f  er^ces  either  in  locati6n  and/or  variabili- 
ty. However,  sometimes  additional  aspects  of  the  data  are  impor- 
tant  and  ^ffect'the  interpretations  weVshoiild  make. 

CdasiAer  the  battery  example.  The  lifetimes  from  the 
two  brands  '  of  batteries  mighty  have  about  the  same  meolianr  and 
^bout  the  same  interquartile  range,  but  one  br^d  could  still 
have  many  failures  earlier  than  the^j^ther  brand,  ^  For  example, 
consider  the  following  artif^^cial  example,  which    is    given  with 


A 


withi/ 


the  values  ordered  within  each  sample, 


1'2         3         4.5         b         7         B         9         10  11 
Brand  X    0.1     0.2     4.1     5.1    .5.4     6.2     b,9    y.4  ^.3     15^1     10. fa 
Brand  Y     1.«    3.2     4*.  1     5.,1  ^  5.4    ^.2     b.9    6.4    9.3     10.1  10.8 

t  '     .  . 

Hej;e  the  medians  are  both  6,2,  and  ^he  interquartile  ranges  ^e 
both    9,3  -  d^t^=  5.2.       Xhe  Values  in  both  samples  are  the  same, 
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<5xcent  for  the  two  smallest  values..   But  these  smallest  values  do 
r\ot  enter  into  the  calculation  of  either  the  median  or  the  inter--  ^ 
quaWile  range.     However,  here  one  would  clfearly  prefer    Btand  Y 
ttS    Brand  X,  as  there,  appears  to  be  about  a  26%  chance  ot  getting^ 
a  y^ry.  short;  lifetime  with  Brand  X,  and  otherwise  the  two  sets  of  ^ 
lifetimes    are    identical.       There  -  is     an     important  different 
between  the  values  in  these  two  sets  of  data,  and    we  'would  not 
vant    tcmlss  this  ^ifeEerence  by  concentrating  only  on  the  median  . 
ai'^d  interquartile  rAnge. 

*Let's  examine  the  q-q  plot;  for.  thesfe  data;  it  is    given  , 


in  Figure  J2. 


r 


I-mnecVateiy  we  see  that  all  but  tJo  of  the"  poirftSs  lie  on  the 
I'ine    tfT^oygh  the  origin,   and  our  attention  is  drawn  to  those 
points..    For  them  the  Brand  Y  values  aire    much    larger  than 


two 

the 
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corresponding  BrahAx  values.     A ^^p^t^lc' examination  of    this.  Rjot 

shows,  these  important  fea'tures  of  the  data  very  cle^irly. 

'The  extreme  low  and  the  extreme  high  values  of     ^  dis- 

tributipn  are",  often  referred  to  as  the  tails  of  the  distribution. 

Sometimes  Ife  is  important  to  consider  the  low  and  hi<g^h  tails  in 

set    of  ^data^  and  the  relative  magnitudeef  of  the  tails  whai  com- 
•  t  ^ 

paring  two  sets  Qf  data,,  as  in  this  battery  example.  . 

Suppose  the  uppeif  tails  in  this  Brand  X  Brand  Y  data 
are  changed.  'We  •  will  maker  several  modifications  of  the. largest 
two  values  in  the  tw9  samples -and  s^Ib  how  this    affects    the  q--q 

plot    and  the  interpretation  of  the  data.     First  suppose  that  the 

.     '         .      '    \  ■        '  '  >  . 

two  largest  Brand  Y  values  ^are  13.5  and  12.9  iifstead  of  10.8  and 

'  ■  ,•  ■•  . 

10.1;  the  rest  of  the  Brand  Y  values  and  all  the  Br^uld  X  values 
are  as  listed  above.  The  q-q  plot  for  these  data  are  given  by 
the    dots    and    a's  in  Figure  1.3.     (For  the  time  being  ignore  the 


"two  b's  on  the  plot .7 


5      ;   ^  i.0 

'  ■        4  y  1    •  % 
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fhis^l^lot  shows  that  the. values  in  the  middle    of     both    sets  ot 
data*  are    distrib^ed    the  'same,  as' these  points  fall^on  the  45^ 
line;  it  is  also  appareat*  that  the  values  in  lx?th  •the    upper  an$l. 

■  ■     •  •  ■      "■  ■  '■  7 

the  lowet  tafls  are  not'  the  same  tn  both  sets  of  data»     The  lo^^er 
talis  are  as  discussed  before.  .  Concernj^^  the  upper  tails^^^yxhe, 
distances    that    the    two    a's    are    above  the  45°  line*  shows  the 


amount  tViat  these  ^rand  Y  values  are  larger  them  the.  correspond- 

tng    Brand    x'^values..      Another  way  of  (thinking  about  this  Is  as 

follows*     In  Figure  13  ?h^  indicated  line  passes  throijgh  the  bulk 

of    the    data;'  if  the  relationships  between  the  two  distributions 

in  the  tails  were  the  same  as  ttie    re.latiohship  '  in    the  central 

part  •  of    the  data,  then  the  points  in  this  'plot  corresponding  to 

tho  tails  would  also  fall. on  this  straight  line.    The'^ilot  clear- 

ly    has    points  above  the  sti^aight  line  in  botH.  tails,  indicating 

that  these  Brand  Y  v^ilues  are  larger;  than  the  ^Drresporyiing  Brand 

X    valug^.     Although  the-  medians,  and  interquartile  ^ranges  are  the 

seune  in  the  two  samples,  the  plot  shows  clearly  and    .racactly  >the. 

way    in    whijjh    the'   Brand.  Y  batteries  have  longer  lifBtinves  ^han' 

rirand  X  batJte^l^s.     If  the  cost  of  the  two  brands    is    the  earner 

Brand  Y  appears  preferable-  to  Brand  X.  *' 

Now  suppo^  that  thea^  d^t A.  were  again  altered  sp  that 

the  two  largest  Brand  X. values  are  13.5  and  12. while  the  larg- 

..  *        ■  ^   ,    *        ■  -        •  ^ 

■est  Brand  Y  values  are  10. S  and  10.1,  and  the  re^gA^_^  the  values 

.        ■  •      '         ^  '       ■  • 

remain  unchanged.     Then  the  q-q  plot  -is  given  by  the  dots  and  b's 

'  '  '       '  .  •  ♦    "*  ^ 

irf  Figxire  13  ,  lgr\or,ing  the  two 'a's.  -Th^  feityat^on  in    the  -upper 

tail    is  reversed,  and  the  fact  that  ^ihe  *t^il- of  .^r^and,  X  contains 

larger  values '"is  indica^^d  by  the  points  fiVie  b*s)  S^^ng    on  the 
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loWer  side  — ^  the  Brand  3C  s*ide  —  of  t1ie  ^.tne  through  the  centlrai 
■patt  of  the'^  data*.-  Here  ivt"  Is  not  so  clear  which  brand  of-  battery 
Is  iSreferable*  Thirough  the  -rnidd^le  part,  of  the  data,  -  the  '  lifV* 
tlnres  are  the  sairte;  fox  a  short  l^^t-ime  Brand*  Y  is  better,,  but 
if  t!}ere  happens  Xo  be  a  long  lifetime  Brand  X  is  be^tter.  '  The 
plot  clearly  shows ''all  three  of  these  features  of  the  data* 

The  above  discussior/ has  all  been  ,in  terms  of  example^ 
where  the  mfWdle  parts  of  the  two  distributions  are  exactly  the 
same*  Thus  the  .stralxfht  line  through  this  part  of  the  data  was 
the  45^  line  from  the  origin*  "^However,  the  concept  of  comparing 
the  differaices  in  the  tails  of  two  distributions  by  examining 
the  points  at*  the  en(^  of  the  q-q  plot  to  the  straight  line 
through  the  central  points  can  ^be  extended  to  situations  in  which 
the  straight  l,ine  is  not  the  45^  line*  The  interpretatifflis  thai 
are  anlb-ogous  to  the  previous  exarnpleSt  but  slightly  more ^corapX*i- 
cated*' 

We  illustrate  wtt)i  still  another  modification  of  the 
Brand  X  data.  Suppose  a  4  is  added  to  each  Brand  X  value  and  the 
Bramd  Y  values  are  as  before,*  wit|}  the  two  iaurgest  values  13*  b 
and  12*9^;   this  gives  the  following. 

•■  •  f  .  .  ■  ■  ■  ■■ 

terand  X  4.1  4.2  8.1  9.1  9.4  lO-.a  10.9  12.4  13.3  14.1.14.8 
Brand  Y       .1.9  2.  1  4.  1   5.  1  5.4     6.2     6.9    8.4     9.^3  12.9  13.5 

The  median  for  Brand  iSC  is  now  10.2,  the  interquartile  orange  -is 
13.3  -  8.1  sx  5,2,  the  same  as  before.  (indeed,  from  sections 
II. 3  and  II. 4  we  know    that     adding    a  -»  constant    to    all  values 


( 
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S   .«    ,      •  • 

Changes  the  median  by  that  cons4:ant  but  leaves  the  interquartile 
rarjqe  jLtnchar\|^*  >  The  q-q^plot  for  these  dat^  is  given  in  Figur^fe 
14;'  the  dot te'd  line  is  the  45^  line    from  ^  the   .origin,     and  the 

ft 

^SQlid  line  passes  through  the  central  part  of  the  poii?>ts. 


:  the  points  are  on  the  solid  straight    line,     but     two  at 
each*  end  are  abo.ve  the  solid  line.'  The  fact  that  all  points  are 

,/b'eiow  the  dotted  line  —  on  the  BTand  X     side    of     the  -45°  line 

,'  '  ■  >  '  '  ' 

through  the  origin  —  means  that  at  each  f^art  of  the  distr i,but ion 

(the  Brand  X  .value  is  larger  th^an  the  corresponding  Brand  Y  val^iff&v^ 

■  If  *  all    the  ]3oints  were  on  the  solid  straight- line,  we  know  from 

section  II. 3  th^t  the  data  could  be"  summarized  as    follovrs-.  The 


r 


Brand  X  .values  Are  4  %un its  larger  than  the-  Brand  Y  values,  since  * 
*-t^j^^  sol ifi.  line  is  moved  4  units  from  'the  dotted  line,  indicat'ing  * 


A.  difference  in'location;  and  there'is  nd  ditfeiErence  in  vari^bil- 
ity,   since  the  "S^olid  line  is  , the  te^me  slope  as  the  dotted  line. 


But  now  how  sfiould  these  4*po^_nj^  lying  well^^bc/ve  tliis 


solid    line    affect    this    interpretation?.    Xfefy.  yr^oat^ibat  in." 

u  ue  s  ar  e    1 ar ger 


both  the  lower  and  the  ^u]bp^.  tatt^'^tKe  J 
conpared  to  the  I3r^d  X  values  than  one  would  expect  frofn  the  re- 
lationship  betwee^fe  the  Values  In  tbe  central  part  of  both  sets  ot« 

A  •      ■  ■  • 

dTqca.       Note    that^    in   j^ach  ta;il  the  Brand  X  values  are  actually 

/  '  *  '    .  ^       -  > 

>^larqer  than  the  corresponding  Brand  Y  ^al^es  —  the  poir^ts  ar^e  on 


the  Brand  X^side  of  the^^otted  line.     However/ the  Brand  Y  values 


are  large;:  "relative  to  the  relationship  that    hoMs    between  tH 


1 


two  data  sets  for  the  middle  values  of  the  data  set  since  the  ex- 
trene  points  are;  above  —  on  the  Brand  Y  side  —  of  the  solid 
line.  Another  way  of  saying  this  is  that  for  most  Of  the  data 
the  Brand  X  Rallies  appear  to' be  4  units  larger/^han  th^  Brand  Y 
values,  but  this  does  raot  hold  in  the  tails;  there  the  Brand  Y 
values'  are  relatively  larger  than  one  would  expect  them  to  be, 
even  though  theV  are  still  smaller  than  the  corresponding  Brand  3C 
values.  '  •  .  ' 

^  • 

The  most  important  feature  of  this  data  is  likely  to  be 

the    over-all*   difference  .of  4  in  yti/Q  location  of  the  data  sets; 

one  would  prefer  Srand  X  t?o  Brand  Y^  if    the    costs     are  eqi^l. 

.  '  "* 

>       •            *  *  '  *.    '  ^ 

Howeveri     this  additional  difference  in  the  tails jni^ht  be  of  in-, 

terest*  -It  indic€|tes  that  the  relationship  between  the  itwo  dis--* 

tribuMons  of  lifetimes  is  not  the  sane  in  the  middle  as  it  is  in 


J,  . 


.  '  the  trails,  ahd  It  mXqht  bW^^-in^erestia^  -to  Xnow  why  Bran<r',Y    do^s  • 
ireiativ^ly  -ttetter    i^i    the.,  tails    t^iough  It  doea  worse  Overall, 
This  difference  in  the  tails  is  ro'ost  easily /spotte<3  using*  the  q-q 

.  :  ' .    "  ,  r         '  . 

.  ,  p^ot.      Such    a    dif  f  erence' gati  be  seen  whether  the  straight  line 

•  throilgh  the  centej^ais  part  of  the  fdata  is  the    45°,  line^    a£  dis- 

eu^ed.  earlier    in^    this  section;  or  a  line  with  slope  1  shifted 

from  the  45°  line,  as  here;  or  a  line  shifted  ^rom  the    45  line 
-'  ^  J 

*  i 
and    with    slope    different  from  1.     No  example  is  given  here  tor 

this  last  situation,  but  the  interpretation  would  be    that  ♦there 

is  an  over-all  difference  in  locatipn  amd  variability  between  the 

two  samples  as  indicated  by  ,the  straight  line,     and    in  addition 

there  is  a  ^fference  in  the  tails.    This  is  much  like  the  situar 

tion  just  discbssed,  where  there  was  an  overall^ difference  in  lo- 


cation but  not  variability. 

Would  these  differences  in  the  tails  of  the  two  distri- 
butionXj  which  have  stood^out  so  markedly  in^^igures  12,  13  and 
14,  have  been  missed  if  q-q  plots  had  jpot  been  constructed?  For 
small  sets  of  simple,  aVtificial  data  such  as  this  a  close  stiady 
of  only  the  .nimeric^l  values,  without  ufi-ing  any  graphs,  would  re- 
veal the  features  discussed  ajxsve.  However,  larger  sets  o£  real 
data  have  fluctuations  so  that  values  are  not  exactly  the  same 
and  the  pointSvOf  the  q-q  plot  do  not  lie  exactly  on  a  straight 
line;  then'it  islmore  difficult  to  find  differi^ces  in  tails  sim- 
ply through.  j^Aing  at  the  ni^erical^values.  Moreover,  it  one 
does  not  find  such  a  differ  ©ice,  one  still  cannot  be\  very  sure 
that  there  really  is  no  difference,  as  it  could  easily  be  missed 
froip  a  study  of  the  raw  numbers.     However,     the    q^    pipt  shows 
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clearly  aftd  directly  any  differences  in  the  tails ^  so    em  irngor- 
tant  differ^ce  would  not go  -unnoticed.  \  ^      -    '        *  ^ 

.  "  /  '      -  •         '  >    *  ^  '  .  ^ 

^'  Would  construct  ion^and  compa^risort  of  two  histogramjs  \  i 
hibit  t>)e  differences  in  the  t%;lls?  The  answer  depoids  on  how  ^ 
t^e^ Intervals' for  the  two  samples  are  chosen.  In  Part  I  we  , saw 
that  choosing  different  intervals  coiild  definitely  alter  the  ap- 
pearance of  the  Viistogran;  similarly,  whether  or  not  the  two  his- 
togr«ns  show  the  differences  in  thd  tails  depends  on  how  the  in- 
tervals  fo^j^^both  histograms  are  chosen.     Figure  15    gi^ves    histo-  ■ 

grams'  of  the  first  Brand  X  -  Brand  Y  data  with  reasonable  choices 
■  ^  * 

♦for  intervals. 


FiGUflft  15^ 


I 

1 

We  notice  that  thei-e  is  some  diff  armce  at  the  lower  ends  of  '  the 

di^triixiti9n,    bu^    this    plot    does    not  bring  out  the  important 

features        the  data  as  clearly  and  as  simply    as    does  the 

plot    of    Figure  12,     Moreover,  if  we  had  instead  labeled  the  two 

% 
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end  cells  ap* ,  ^4    and    ^1^  ,  th«n  there  wuld    be    no  difference- 

between  the  tvo  histograms*       •        *  .  • 

'*    '       *  *  ■ 

J  .In  .Sections  '^1.2  .and  11.3  we  learnej^  that  If  the  p^nts  . 

in  the  ■\q~q  plot  fall 'basically  on  .a  straigb.t  line,  then  the  two  , 
'sets  of  data  can  be  adequately  sofemarized  and.  c^mparei^  in  terms 
t>f  differences  in  location  .and/or  vauriafeility,  aajd  that  these  are 
related  to- the  straight  line  through  the  data.  Now  from  thig 
section  we  see  that  if  the  points  in  the  *q-q  plpt  fall  basically 
on  a  straight  line  except  for  one  or  several  points  at  either  end 
of  :%e^plqt,  then'  in*  addition  there  is  a  difference  in  the  tails 
of  the  two  distributions.*  ^his  can  be  important *ia  certain  prob- 

**  .  •  '  * 

lems,  'and  it  is  worth  knov^-ng*.  If  the  extreme  points  are  above 
the  ^straight  line  through  most  of  the  data,  then  the  afample  plot-^ 
ted  on  the  vertical  a^is  is  relatively  larger  than  the  other  sairi!- 
pie  in  this  tail,  compared^  1 6  what  would  be  expected  from  the 
central  pajrt  of  the  data.  Conv^sly,  if  the  points  are  below  the 
straight  1  in e,>  then  the.  sample  plotted  on  the  horizcxital  axis  is 
relatively,    larger.      Thus,     we  can  now  interpret  q-q  plots  where 

much  olt,  the  data  Calls  around  some  straight  line,  with  the  excep-. 

....  . 
tion  of  a  few  outlying  values  at ^either  epd.     This  type  ot  situa-. 

,tion  includes  very  many,  if  not  most,  q-q  plots  of  real  data. 

II. 6.     Interpretation  When  The  Points  Do  Not  Fall  On  A  straight 

Line  —  Shape < 

This  section  discusses  a  more  complicated  concept  in 
the  comparison  of  tv^  pets  of  dakta  an^  can  be  skipped  on  first 
reading.     This  material  is  useful  when  the  poilits  in  the  q-q  plot 

do  ^not    fall    near  a  straight  line,  evdn  with  the  exception  of  a 

♦  •  '        ■■  ■  t  ■■  ■  . 


o 
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tlying*  points,*.  ^  It  is-c\lso  usef  ul,  when  we  wai^t,    to  <:oippau?8 


tv»o  •  distributions    apart     from    obvious    differences  in  rocaticn. 

,'•■•/  ■  '  ■"  - 

anti/or 'variability.  ' 

^  Even  if  tvrcr  distributions  H^ve  the  53ame  medians,  inter-* 

quartile  ran,ges,  and  .there  are  ndt  extreme  out-lying  values  in  'the 

tails,  this  does  not  mean  tljat  the  two^distributicns'  are  ^  identi- 

cal*      The  reason  is  that  there"^^can  be  differences  in  the  distri^ 

but  ion  al' shapes  •     One  way  of  •thinking  about,  shape  is  that     it  is 

the^  way    the  histogram  of  the  data  appears,  apart. from  its  loca-- 

tion  and  variability^/ ^T.he  rel at ive  , shape  -^of     two  distributions 


can  be  important  *irf.  making' cpmparlsons 'jDetween  then.  This  sec- 
tion  discusses  several  examples  and  shows  how  the  q-q  ploji.  can  be 


u&ed,.to  compare  the  shapes  of  two  sqts  data. 


F 
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Consider  J  iqurve  16.  There  we  have,  two  sampled  tKat  have 

0      .         .  .  » 

equal    ^edians 'and 'variabilities;  yef  eveh  rronj  the  hi^tograrrg  we 
can  see  that  the.  distri-but ions  are  not  the  same.     Their  iaistribu- ' 

tional     shapes     are  different.     If*  we. would  take,  the  rirst  , sample 

■      .  \      '         .  "        .  ■ 

and  fold  its  histogram  around  the  median  vfilue  we  would  see  that 

<each    half    of    the    histogram     is  shaned  the.  same.     However,  the 

second 'sample  does  not  have  both  halves  of  t^e  same    shape.  The 

right    hand  side  is  much  longer  than  the  left  hand  Side.     In  this 

example  tt  is  obvidus  from  the  histograms  th^t-the    two    samples'  ' 

qhapes    differ,  bqt  sometimes  it  is  not  so  obvious.     Even  here  it 

« 

is  not  so  obvious  what  els|e  we  can     say    about    these    data  from 
^glancing  at  the  his^iogr am^s .     The'q-g  plot  for  these. data  is  given 
in  Figure  17.\        .    •  • 
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The  noints  do  not,  all  f all  neafv  a  sihgle' straight    line,     ngr  do 


^they    fall    n^r,    a    :straight     liiie    except     for  several  outlying, 
points.    However,  we  dd  see  that  all  points    lie    aboVe    the ^  4b^^ 


|,*l'ine    from    the—  origin,.  '    This    means  that  throughout  the  entire 

"  *  '  '  '  ■  . 

raoge  of  the,  data  each  Sample  2  value  is  s«nev;hat  larger  ^han,  the 

corresponding    Sample  1  value.     The  amounts  by  which  the  Sample^  . 
4  ~      .  -  •  ^ 

.  values  are  larger  vary  over  the  range    of    the    data,     since  the 
points,    do    not    fall     near  a  sirigle  straight  line.     The  q-q  plot 
sbCK7S  this  difference  between  the  two  samples  more    clearly  than 
^  dof!S  coft^par^g  the  tvjo^  histograms.     Even  thou<^  both  samples  have 
^the^same  giedians,  interquartile  ranges  and  there  are  no  extremely 
'Outlying    values    in    frie    tails,     there  is  a  definite  difference 
'between  the  two  samples;     this     difference     is    striking     ftom  a 
glance    at  the  q-q-'plot.  •  If  the  data  were  lifetimes^of  batteries 

7    ■  ■  n 

of  equal  cos t^  we  would  prefer    Sample    2,  ,  since  '  each    value  is 
slightly  ^larger  than  the  corresponding  value  from  Sample  1.  The 
difference  between  the*  two  samples    heire    is    qualitatively  dif- 
.  fer«it  from  the  "tail-differences"  discussed  in  Section  II.  5,  but ^ 
eaqh  ty^  of  dtfferenqe  is  phown  by  the  q--q  plot. 

Now  let's  turn  to  a  different    ex^imple    concerning  /the 

;     •  -      .  -  ■         ■  !  ■ 

.relative    shapes    of  two  distributions.     FiCfure  18  gives  tVo  sets 
of  data  and  their  histograms.  •  .        '  . 
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The  two*  seta  obviously  4iff^r"  ip*  their-  locations  4«d  yariabili- 
feie^s  jand  thus  their  Hlstoi^rams  'differ.  However,  the  two  histo- 
grams  do  .have  the  sapie  ba^sic  sh-ape.     The  q-q    plot    is,  given'  in 

■    •  ■    ■    '         ^  ■  ■  '  I 

Figure  19.  r*  Afv 


/ 


'  The  points  fall  on  a  straight  line.  This  illustrates  a  "^asic 
.  broperty^;  ^  -if.,  two  ^strjj^ut  ion-g  have  exactl^^the  same  shape  then 


5 


their  q-q  plot- wili  be.a  sjiraight  line.  ^  Simllarlvt  if  the  two  , 
distributions  have  approximately  t:he  same  .shape,  then  the  points 
on  their  q~q  plot  will  falV  near  some  straight. /line.  Now  recall^ 
that  in  Section  II. 4  we- learned  that  if  two  data  sets  differ  only 
in  their  lo(^tion  and  vaitiability,  th'^  their  q-tj  ,plot  is  ■  some 
•straight  line;  the  particular jptraight  line  depends  on  their  re- 
lative locations  #ind  variabilities.  Thus,  if  two  distributions 
have    the    same  shape  then  their  q-q  plot  is  a  straight  line,  and 

this  means  that  these  distributions  differ  only  in    location  and 

•     .    •       •  (         .     ■         ^  ■  ■  ; 

variability.  .  < 

It  is  nice  if  we  can  completely  summarijce  the  differ- 
ences  between  two  sets  of  data  by  saying  that  there  is  only  ^ 
dlfferenc/  in  location  and/or  variability,  and  apart  from  these 
the  distributions  are  'tb6  flam^  This  means  that  for  every  aspect 
of  one  distribution  there  ife  a  corresponding  aspect  of  the  other 
distribution,  aside  from  |.he  differences  in  location  and/or  vauri-^. 
ability;  i.e.,  their  shapes  are  the  same.  The  q-^  plot  is  ex- 
tremely useful  for  determining  if  such  a  sumroar^ation  is  possi- 
ble. If  the  points  on  the  q-q  plot  fall  reasonably  close  to  a 
straight  line,  then  such  a  summarization  is  possible.  But  if  the 
points  do  not  lie  near  a  straight  lin§,  then- it  is  not  sufficient 
to  say  that  the  differences  between  the  two  data  sets  cAn  be  com- 
pletely  summarized  by  differences  in  location  and/or  variabil4ty. 
Then    there  are  other  features  of  the  two.  distributions  that  also 

differ.  ^  ^  / 

t 

Even  wheri  a  straight  line  does  not  fit  all    th^  points 


in    a    q-q  plot,  often  a  straight  line  will  pass  near  many  of  the 

« 
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points.  Then  it  is  \dsef  ul  to  draw  this  line  and  interpret  .  the 
differences    be^-ween    the    two  distributions  tor  thB  rerhainder  of 

the'points  in  terms  of  this  straig/|it  line.    This  is  basically  the 

'    '  ^  *  ■  - '       .  -  '       .    I  ' 

idea    that  was  used  in  discussing  tails  in '^Section  II.  5;  there  we 

concerned  with  the  situation  In  which  only  a  few'  points  at 
either  end  'Of  ythe  data  lie  quite  far  from  the  straight:  line. 
However,  -the  principles  used  there  also  apply  more  generally^*  in 
interpreting  the  departure  of  other  points  on  the  q-q  plot  from 
the  straight  line. 

This  paragraph  gives  a  brief  discussion  of  a  situation 

s  > 

in  ^hlcH  an  interesting  question  is  whether  or  not  two  distribu- 
tions have  the  seune  shape\     Suppose  we  have  data  on    the  heightp 

at    birth    of  all  25  boys  born  in  a  certain  hospital  in  a  certain 

«  ■  •  th 

month,  and  we  also  .measure  the  heights  of  all  25  boys  in  the  8 

grade  in  a  sohool- near  the  hospital.  We  would  like  to  know  how 
these  two  distributions  compare;  obviously  there  will,  be  a. 
tireroendous* difference  in  location,  since  an  8*^^  grade  boy  is  much 
taller  ^han  a  baby  boy.  Obviously  there  will  also  be  a  tremen- 
dous difference  in  vay/iability ,  as  the  heights  of  8^^  grade  boys 
v^y'over  a  itiuch  greater  range, tha^5  the  heights  of  taby  boys. 
However,  do  these  differences  ^equately  summarize  the  differ- 
ences  between  the  two  distributions?  Or,  for  example^  are  the 
smallest  baby  boys  relatively  smaller  compared  to  the  rest  of 
baby  boys  than  are  the  smallest  8^^  gFUde  boys?  The  way^  to  exam- 
.'ine  these  and  similar  questions  is  to  make  a  q-q  plot  of  these 
♦  two  distributions  and  thai  interpret  this  plot  using  the  various 
points    discussed   4n  'this  and.  the  previous  sections.     (Note  that 


in  this  example  We  do  hot-  have  the  baby  height  and  8^^  grade 
height  of  th^  same  ^ys.  T'o  ob^in  such  data  we  would  have  to 
either  find  old  records  or  w^t  3  3  years.  .  Hdwever,  such  data 
would  permit  the  use  of  other  statistical  methods  tp  better  sttK^y 
the  relat'lonships.  between  heights 'at  these  two  age^  than  |would 
the  data  of  this  examp!le, )  '  ,  • 
II. 7.     I n t et ion  p,f  the  Battery  Example  ^-fi  Plot 

In  Part  I  we  presented  an  example  where  a  class  per- 
formed  an  experiment  studying  the  lifetimes  of  two  brands  of  bat- 
teries.  The  q-^  plot  constructed  to  study  this  example  is 
pr^^sented  in  Figure  1  on  page  4.  Xn  Sections  II.2-IX.6  we  have 
learned  how  to  interpret  a  q-q  plot,  so  we  will  now  ^discuss  the 
battery  exaenple  in  terma^  of  the  four  distributional  chsuracter is- 
tics.     T+re  reader  should  now  go  back  to  Figifre  1  and  draw  the  45^ 

■  ^  .  s: 

line  and  a  line  through  the  bulk  of  this  data  pn  the  plot.  These 
lines  will^be  nearly  coincident,  ana  the  middle  points,  of  the 
plot  closely  surround  both  lines.  T^jerefore,  we  *can  consider  the. 
two  samples'  locations  and  variabilities  nearly  equal.  Howev€>^, 
we^do  notice  deviations  from  this  line' in  both  tails.  In  the 
lower  tail  Brand  B  'batteries  have  higher  lifetimes  than  '  the 
corresponding  Brand  A  batteries.  In  the  upper  t.ail  Brandy  A  bat-- 
teries  have  higher  lifetimes  than^he  respective  Brand  B  bat-^- 
teries  since  the  plotted  points  fall  on  t?ie  Brand  A  side  of  the 
line  through  the  data. -  As  far  as  ehape,   since-  the  plotted  points 

A      •       ,    .     ■  ... 

basically  surround  a  straight  line  except  for  the'  extreme  points 
we  can  conclude  that  the  two.  lifetime  distributions  ^have  about 
the  satne  shape  exce|5t  for  their  tails.  ^  ^ 
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*  The  student  concluded  from  inspecting    this  q-q^^^P^ 
that    for/  their  purposes  the"  tw  brands  pf  b^teries  were  essen-*-^ 
\  tiaily  the^ame.     Howeyer,  the  differences  '  noted    ih  -  the  tails> 
might  be  of  i,nterest.  in  Ojther  more  specific  quest itons  or  possibly  • 
,     even  could  be  the  subject  of  further  investigation.'^ 
11. 8-./  Anpther  Example  of  the  Use  oT  QrQ.  Plotting 

The  students  decided  to  study  whether  a'  crossing 
guard's  appearance  affected  the  "speeds  of  cars  at  a  given  in\er~ 
sections  The  data  con ^st  of  measurements  of  the  speeds  of  c'ars 
•passing  a  particular  corner  between  8j00  and  8s 15  on  Tuesday  and 
Wednesday  of  a-  school  .week.  The  weather  was  clear  both  'days.  ^ 
Every "^fifth  car  or -^-ts^ucK  passing  through  the  inrteraectiA  was 
tined,  since  there  were  not)  enough  people    available'    to  meJb'ure 


»11< 
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every,  vehicle.  Moreoyer,  measuring  only  every  fifth  car  allows 
enough  of  an  interval  between  the  vehicles  so  that    tijieir  speed^ 

would  not  neqes sari ly  be  close  to  one  another.     Adjacent  veihicles 

0         "      i  '  "  '  >  • 

are  much  mor^  likely  to  have  similar    speeds"  than  .  are  vehicles 

that  itre  s^ar^ted;  if  one  were  told  the  speed  of  a  car,  he  could 

do  a  lot  better  job  of  gu^ssbig  the  speed  of  the  next  car  than  it 

he    weren't    .told -the  speed  of  the  first  car.     Thus ,  ,measur«nen  ts 

of  adjacent  vehicles  should  not  be  treated    as    though    they  are 

separate,     independent     quantities.       In    tehis    problem     it  seems 

desirable  to  be  able  to. treat  the  measurements  as  independent  of 

one    another,     so^  It  is  fortunate  that  there  waa  a  sufficient  gap 

between  the  vehicles  whose  speeds  were  recorded.     On  Wednesday  a' 

crbssing  guard -wtfs'"a?^^e  intersection,  holding  a  large  sigrt  s^y-, 

ing  "cautjLon  —  Children  cxpssing, "  but  on  Tuesdaiy  no    guardi  was 


ni'esent.  On  bot^.h  days  the  children  actually  crossed  ^  the  street 
Jjy  pushing  a  "waltc"  button,  vfalting  for  a  light  to  flash  red  to 
the  traffic,  and  then  crossihcj  the  street.  On  Wednesday  the 
guard  did  not  explici^ily  bIovj  down  the  cars,  hut  was  merely  visi- 
ble  to  .the  driver.  The  goal  was  to  see  If  the  speeds  jw^ere  signi- 
ftcantly  lower  when  the  guard  was  present* 


J 


%  There  are  10  values  when  the  guard  was^present,  a^nd  12 

values    for    no    guard.     The  ordered  points  in  each  sample  are  as 

'  ■ ..-  ^  0 

follows:  ^ 

order  nunber          i       2  3  4      5'     6      7      8      y'lo"^1  12 

'with  a  guard        20     22  25  25     26     26    28     28     30  30 

no  guard  ^             22     23  29  30     32-    32     33    33     34  '  35     35  40 

f 

When  the  samples  are  of  unequal  size  the  q-q  .  plot  is^  a  little 
mpre  difficult  to  construct  than  when  the  t^^  saitiples  have  the 
same  ntatiber  of  observations,  since  we  must  choose  which  subset  ot 
points  from  ,the  larger  sample  to  plot  against  the  ordered  points 
of  the  smaller  sample.  Appendix  B  discusses  how  we  chpose  th 
values  of  the  larger  set  of  points  to  be  used  in  the  q-q  plot. 
Applying  that  tec>mique  we  match"  the  points  in  the  sample  of  car 
speeds  ^with  a  guard  to  .  be  plotted  against  the  sample  points 
without  a  guard  as  follows: 

order  number         *1       ^      3      4      5      6      7      8.     9     10.   It  12 
with  a  guard        20    22     25  ,25    26.  26    28    28    30  30 


0  22  25  25  26  .  26  28  28  2 
2     23     29     30     32  ^2     33    33  3 


no  guard  25     23     29  '30     32    "32    '33    ^3     34    35^  35^  40  ^ 
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Then  the^q-q  plot  ts  oonstructesd  using^  tKese  pairs  ot  points, 
giving  Figure  2b.  •  ^ 


A 
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We  will  now  inspect  how  we^X  the  plotted  points  surround  the  45 
14.ne,  .    The    45°    line    is    represented  by  the^  dotted^  line  on  the 
ploti.    All  the  paired  points  are    located    aboveV^is  line. 
solid  line  which  cuts  through  the  plotted  points  is  also,  drawn  on 
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the  q-q  plot.  This  solid  line  does  not  parallel  the  dotted  line. 
The  soli^  line's  slope  is  about  1.5.  This  indicates  that  the 
variability  with  no  guard  is  abmi^  1.5    times    larger  -  th^  ^^)^ 

there    is    a    guard.      However,    we  can  see  that  other  lines  with 

•  i 

sl«ightly  different  slopes  could  also  be  drawn  near  most  ofi-~^he 
plotted  points,  so  we  would  not  want  to  conclude  that  the  V^irla- 
bility  with  no  guard  is  exactly  1.5  times  as  leurge- as  when  there 
is  '  a  guard.  The  median  of  the  sample  wi,thout  a  guard  is  about  6 
172  mph  larger  them  with  a  gu?ird.  This  difference  appears  \rea- 
sonably  large  considering  the  size^of  the  original  valyes.  The 
plotted  points  lie  along  the  line  d^^^n  fairly  well,  so  ther-efore 
we  can  conclude  that  the  two  seunples  have  aboyt  the  same  distri-^ 
butional  s^hape  and  tails.  It  certainly  appears  that  pars  drive 
faster  through  this  intersection  without  a  guard  than  wh^  a 
guard  is  present.  ^ 
il.9.    Concluding  Cocnments  on  Q-Q  /Pd-ots 

The  above  sect.idns  have  discussed  the  interpretation  of 
q-q  p^-ots  in  terms  of  four  features  of  two  di^it^ibutlons  loca- 
tion,, variability.,  tails  Cextreme , values ) ,  euid  shape.  Various 
iW-sample  statistics,  incltxling  some  discussed  in  Part  I,  can  be 
used  to  summarize  each  of  these  properties;  by  calculating  such 
^atistics  for^se^h  samplea  we  can  compare  the' two  sets  of  data. 
The  discussion  ^d  the  Examples  have  brought  out  the  point,  that 
these  properties  .are  nofc  al^sequally  important  in  all  examples; 
the  property  or  properties  that  are  importfefht  in  each  application 
depends  on  the  data  for  that  application  and  |he  questions  of  in- 
^rest.  ** 
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Gr'aphical  methods  in  general  are  helpful    in  examining 

%  - '  '  ■  • 

data,    and    they    often    give    a  use^  adjunct  to  nxmer'ical  sum- 

tnaries.    One  graphical  method  for  comparing    two    samples    is  to 
form    histograms    of  jj^h  sample -^nd  then  compare  tKe  histograms. 
Some  problems  with  c(Jparing  fiistograms,  though,  are  the  follow- 
ing.     It  is  necessary  to  choose  the  class  intervals  carefully  in 
each  histogram  or  distortions  can,^ occur,      We    must    compare  .two 
different   pilots    by  eye,  as  the  information  from  both  samples  is 
not  in  one  plot.    Because  of  the  granularity/ of  histograms,  cer~. 
tain  detailed  character i St JL^cs  of  the  data  can  be  missed  entirely. 
If  certain  obvious  differences  between  tlje- histograms  strike  you 
at    firs±,    you    can    easily  overlook    ot^her    subtle  differences 
between  the  histograms.     In  general,  it^may  take  much  effort  and 
icareiul    study    to  extract,  all  tiie-  importarlt  information  from  the 
data  using  two  hist^rams.     Information  extra^:tldn.  is  more  diffi- 
cult, in    this    caste  because  of  the  application,  of  two  one  sample 
techniques,  rather  ti\an  using  a  techn ique  explicitly  devised  for 
comparing  t^o  sam^ples.         ,    •  - 

^We  have  seen  that  q-q  plot^  give  a  useful  graphical  way 
of    comparing  two  sets  of  data.     Some  strong  poyits  of  this  tech- 
nique  Sre . sumiiiariEed  below.     It_4e  not  |iecessary    to    pick  class 
intervals,     as    the  data  valu/s  themselves  appear  directly  on  the 
plot.     Ali  the  information  is  summarized  in  a    single    plot.  In 
'interpreting    this  plot  one  is  generally  comparing  points  to  some 
straight  iiae;  this  is  a  fairly  easy  thing  to  do,    as  deviations 
of    .points    f torn-*  a  straight  line  «4re  not  hard  -to  spot.     p.  there 
are  no  departures  fjrom  this  straight     line,     one"  needs    only  to 

,,-       '  .     A  .*   '  -  -   ■     ■     .       ■  V  - 
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unclerstaru^  the  ftieanin^  of  the  narticular  straight  line  to  which 
the  cofnparisons  were  made  to  make  meaningful  comparisons  between 
the  ,twr)  samples*  The  slope  of  the,  line  tells  one  about  compara-- 
tive  variability,  the  height  dbout  comparative^ location .  The  q-q 
plot  makes  it  possible  to  easily  pick  out  interesting  aspects  ot 
the  data  that  might  .other^^^ise  be  missed*  The  q-q  plot  is  ^partic*- 
ularly  easy  to  construct  for  two  equ^il-siied  samples,  and  it  is 
not  too  hard*  to  construct  for  unegual  sample  sizes.  The  plot 
could  be  m-ade  for  sample  size^  as  small  as  3  or  4.  Examining  t^e 
plot  4s  .  expl^rato'ry  in  nature,  in  that  one  does  not  hav?^e-^o  d^-- 
cide  beforehand  the  specific  aspects  of  the -data  to  compare;  par^ 
tlcularly  interesting  eatures  present  thenselves.  In  general, 
t ha,  q-q  plot  often  show^  things  about  th|^  data  that  might'  be 
missed  if  only  other  metl^ods  were  used.  Moredlrer',  even^or  cer- 
tain properties  4:hat  are  given  by  other  niJtnerical  or  ^graphical 
meth(|>ds,  the  'q-q  plot  gi^es  a  .simple  and  Clear  way  of  presenting 
and  comparing  these  properties  in  the  two  sets  of  data. 

A  disadvantage  of  .the  q-q  plot,  is.  that  it  is  riot  a 
tradition.al  t:echnique  for  graphing  two  setS  of  data,  arid  it  is 
Just  presen,^ly  becoming  widely  usedj^  T>ius  the  methbd  may  be  un- 
familiar  to  some,  and  some  explanation  of  the  plot  may  be  re- 
quired.  However,  we  feel  that  the  advantages  of  the  q-q  display 
are  suf^dTcient  to  vyarrant  the  necessary -explanation • 

A  possible  danger^  in  examining  q^  plots  is  that  \>t 
over-interpreting  the  data.  One  should  not  necessarily  attach 
overifrhelming^ifnportance  to  every  small  bump  in  the  plot.  It  is 
hard    to-   make    general     statements  about  what  sort,  of  \ depart ures  >t 
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from,  straight  lines  are  truly  important,  as  the/  answers  depend 
very  much  on  the  particular  pro.blen  and  questions  oir  interest. 
The  possibility  of  over-interpreti^tion  .should  be  Kept  in  mind. 
Pajrt  lil  presents  a  tec^hnique  that  is  scsnetimes  usetul  in  deter- 
mir>in<r  whether  or  not  an  apparent  difference  between  tV70  samples 
•is  real,  or  could  simply  be  dqe  to  chance  deviations. 

f  .  It  r 
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APPENDIX  Il-ai 

This  appendix  rresents  two.  ciif  f  erent  ways  of.  introduc-^ 
Ing    the  q-q  olot.     Both- approaches  lead  to  exactfy  the  same  plot 
as  developed  in  S^jC^^n  11.1,  V 

In  Part  I    we    presented     the  •  cumulative  distribution 
^raph    as     a  useful  way  of  displaying  a  single  set  of  data.  When 

comnajfing  twc^sets  of  data  it  is  natural  to  consider    making  two 

.        •         •  •  .  ' 

of    these    graphs,  one  for  each  set.     Moreover,  we  could  put  them 

both  on  the  same^heet,  marking  points  by  x's  for  one  set  and  by 
o's  for  the  other  set.  Figur^  A1  ^ives  s«^i- a  plot  tor  the  bat- 
ter^' data. 

^  This  is,  a  useful  plot,  and  we 'Can  see  many  aspects  of 
the  data  \^j^m  it,  "We  can  see  which  brand  has  the  larger  value, 
and  by  hov;  much.  General  characteristics  of  on^  brand  having 
conslstentl^y  larger  or  smaller  observations  across  the  entire 
distribution  wQuld  be  apparent',  if  the  x^s  were  consistently/  ei- 
ther to  the  r£t?ht  or  to  the  left  of  the  o's. 

However,  the^  vert  i.fcal  dimensfgn'^olT  this  plot  is  not  oe- 
ing  used  very  ^f  ectj.vely,  .  It  simply  gives  the  order  numbers  of 
the  observations,  spaced  equally  up  the  page.  Nothing  in  the 
vertical,  dimension  is  affected  by  the  actual  values  in  the  data. 
Since  we  would  like  to  use  both  dimensions  in  the  plot  to  convey 
as  much  infomation  as  possible,  we  are  led  to  consider  ways^'<5f^ 
jnodifving  Figure  A1  so  as  to  make  the  vertical  dimension  more 
useful.* 

One  way  ^  thinking  about  Figure  A1   is  that,     for  each 
observation  order  nimber  (.t  through,  11  here),  the  values  from  the 
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two  samples  are  plotted  using  the  horizontal  axis.     The'  observa- 


tion, for  o^^e^dajra  set  is  indicated  by  an.  x  and  for  the  other  data 
5et  by  an  o.  Instead  o^  platting  both  values  on  -the  horizontal 
^aMis  v;e  could  simply  t5lot  a  point  whose  horizontal'  Gompcai en t  is 
the  value,  frorrf  one  sample,  and  whose  vertical  component  is  the 
value  from  the  other  sample.  That  is,  tor  a  poirjt  x  we  leave  its 
horizontal  component  un^altered,  but  instead  of  having  its  verti- 
cal^.  component  €he- observation  order  hs^mber,  we ^ make  the  vertical 
component  for  x  the  corresponding  value  from  the  other  sampl^t 
i.Q,,     the    value    for    the  ^  that  was  previously 'plotted  ifext  ^to 


at    5,9  and  an  o  at  6,3,     Instead,  we  plot  a  single 

F&r 


this  X.  Fori  example,  for  observation 'ord^er  nvmber  4,  Figure  3,2 
g£ves  an 

point  at  hc/rizontal  distance^  5.  9  and  vertical  distance  F 
order  nunijber  10*  we  plot  a  point  with  horiz^rrrt^al  value  12* fa  and 
.yerticflil  value™  11  •4,  Thi'S  is  dor/e  fpr  each  of  the  11  ordered  ob--" 
servation  pairs.  The  resulting  pl^ft*  has  orTly  11  points  rather 
than  the  22  pointp  of  Figure.b,  Ind^d,  wh%t  we  are  doing  is 
plotting  the  smallest  value  of  Brarid  B  .  the  'smallest  value  o£ 
Brand  A  (observations  with  order  number  1  ) ,  the  second^  smar^lest 
val^ae  of  Brand  B  vs.  the  second  Smallest  ^value  of  Brand  A  (obser- 
vations with  order  n^inber  2),  etc.  This  1$  exactly  Figure  4.,  the 
q-q  plot  developed  ^in  Section  II.  1. 

Thus  the  above  discussio*i    gives     a    different    way  o£ 


motivating  and  developing  the  q-q  plot.  Again,  for  equal\siEed 
sets  of  data,  we  plot  the  ordered  val^ue^  from  one  set  against  the 
corresponding    ordered    values  from  th^  other  set.  'Still  another 

- 

way  of  explaining  the  q-tj  plot  is  given  below. 


0 
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,  First,  we  need  the  concept    of    "qucmtile."    .  The.  3U^^ 

quahtlle.:,  of  a  distribution  is  that  value  which,  is  larger  than  30 
percent  of  the  distribution,  ^and  smaller  than  70  percent,  ,Simi- 

larly,  the  80*-"  quantile  of  a  distribution  is  that  value  which  is 

.  ' 

larger  than  80  percent  of  the  Wfi^ribution,  an^  smaller     than  20 

m 

percent.  The  50  quantile  is  th^  median . "  The  q-q  plot  ^an  ab- 
breviation fojr  qpantile-quan^ile  plot)  yiv^  t;he  quant|lk^s  ot 
sample    A    on  the  horizontal  axis,  plotted  against  the  quantiles 


corresponding  to  the  same  percentages  trom  sample  B  on  the  verti- 
Consider  what  this  gives    when    the    two    samples  have 


cal  axis. 


equal     niinbers    of    observat^ions ,   say  ,^1.     We  might  estimate  that 
the  smallest  value  of  sample  A  would  be  greater    than     a  certain 
•percentage  of  the  "population  from  which' the  sample  was  drawn  (see- 
resource  unit  PS4,  "Design  of  Surveys  and  sfeiples,"  for  a  discus- 
^^sioni    of  "sample"  and  "population").     The  estimated  percentage' is 

^    1/12  i=  B.33%;   Justification  of  why  1/12  is  a  reasonable  estimate 

•  -  '  '  '  / 

isf   not    needed    here.       Howeyer,  we  would  also  estimate,  that  the 

smallest  value  in  sample  B  would  be  greater  than  the  same  percen- 

tage    of  its  popuJation,   since  saj|fiple  A  and  samg^le  a  are  the  same 

size.     That  is,  using  reasoning  analogous  toNj>^t  for    s^ple  .A, 

we    would  also  estimate  that  the  smallest  ^value  of  sample  h  would 

be  greater  than  of     its    population.      Thus,     the  smallest 

value    of  "  sample    A  and  the  smallest  value  of  sample  B  are  quan- 

m 

tiles  corresponding  to  the  same  percentage.  Note  that  the  point 
on  Figure  4  closest  to  the  bottom  left  corner  is  the  smallest 
value  in  each  sample  and  corresponds  to  the  8.3  quantile  .in  each 
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sample.  Sin?ilarly  the  second  smal^sjt  value  of  sample  A  and  the 
s^cbnd  smallest  value  of  sample  B  are  also  quantiles 'correspond-: 
Xnq  to  the  same  percentage  —  here  2/12  16.6^.  'With  equal 
nwibers  of  observations,  in  the  two  saipples,  then,  plotting  the 
quantiles  of  sample  B  vs.  the  quantiles  of  sample  A  corresponding 
to  the  same^ percentages  me^s:  plot  t^'  smallest  value  ot  ii  vs. 
^he  second  smallest  value  of  A.  etc.     We  saw  in  Section  II.  1  that 

ft 

this  gives  a  q-q  plot. 
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•  APPENDIX  II-B  / 

Plot  With  Unequal  Sample  Sizes  .  ' 

This  appendix  shows  how  to  construct  a  q--q  plot  when 
the  nunbers  of  observations  in  the  two  data  sets  are  not  equal* 
The  method  is  still  based  on  plotting  observations  fran  one  sam-^ 
"pie  vs»  corresponding  observations  trom  the  other  sample.  Here 
corresponding  has  to  be  precisely  defined,  Since  the  sample 
sizes  differ,  there  is  not,  the  sinple^ one-to-one  relationship 
b¥>tt*7een  ^  the  ordered  observat'^icns  ^s  with  equal  seimple  sizes. 

The  method  is  illustrated  bv  an  exrvlple,     and     all  the 
caljculations    arg    given     in  Figure  BU     We  viill  wor1C£tjirdUqh  t^ 
various  steps*     Suppose  the  smaller  sample  ha^  7;  vie     use  m 

to    denote    the  size  of  thf*  smaller  sample,  so  here  m  =  7.  Order' 

the  observations  from'  this  sample,  c^s  before*     The    size    Of  the 

■> ' 

larger,  sample  is  denoted  by  n;|^nd  in  the  example  this  is  ^2* 
Also  order  t>ie  observations  froin  this*  sample.  The  problem'  is  to 
match  rrdeired  observations  in  the  smaller  sample  witl^g^ppropr^tG 
ordered  chnervations  from  the  larger ^^sam^le.  Ciear^/  it  would 
not  be  appropriate'  to  us|r  the  smallest  7,  or  the  largestT"?,  ot 
the  12  observations  in  the  larger  set.  in  order  to  find  the  ap- 
propriate  7  of  these  12  observations  do  the  following.  Write  the 
7  ordered  observations  and  the  7  order  nijmbers  as  in  the  lert  two 
columns  at  the  bottom,  of  figure  E.  1 .  Find  m-Hi  ;  here  this  is 
7+1  =2  b.  Divide  each  of  the  m  order  nunbers  by  (m+1^,  giving 
the  thiTd  column.  Now  fi^d^n  +  l;  here  this  is  12  +  1  "^^S.  Mul-- 
tiply  each  of  the  fractions  in  the  third  column  by  (n+1),  getting 
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the, fourth  ■Golnmn.     Now  vre  round    each    ot'    thje    numbers  .  in  the 
fourth    coli:Hjin  to  the  closest  integert;   that^is,  if 'the  tractional 
part  is  greater  than  1/2  vre  round    to    the    next    higher  number, 
\^ile    if    the    fractional     part  is  less  than  ,1/2"we  rgund  to'  the 
'next  lower  nisnber.     However,   if  the  fractional' ■  part    is  exactly 
1/2,  e.g.,  fo  4/8  =  6  1/2,  then  we  enter  this  as  (b+7)/2.     Thus  we 
obtain  the  fifth  column,     EacM  entry  in  this  cblunn    will  ^e  an 
integer,     unless    it     is  the.  average,  of*  tt-»o  adjacenV  integers^^^s 
(6+7)/2*     The  nxjmbers  "in  the  fifth  column  give  the  order  numbers 
5f    the    obse.rvations  ,  in'  the    larger    sample     (of    size  n) 'that 
corresDOnd  to  each  of  the  m  observations  of  ,tne  smaller  sample  in 
column    1..      Thus  the  sixth  and  final  column  is  obtained  by  going, 
back  to  the  ordered  observatiohs  in  the  larger  "bamnle.      For  the 
value    (6+7)/2  simply  average  the  6^^  and  -7^^  observation  in 

the  larger  sample.  Then  the  q-q  plot  Is  formed  by  plotting  the 
7(=m)  points  (2.^,1.7);  (-3 . 1  , 2 . 4:)  ;\  (3.9,3.3);  (4.4,4.2); 
(4.9,4.B);  (6.0,5.7);  (6.2,6.4).  This  is  -  given  in  Figure  B2. 
Interpretation  of  this  plot  follows  the  exstet  same  principles 
laid  out  In  Section  III  for  plots  constructed  from  equal  sized 
samples. 

Let's  step  back  and  examine  what  has  actually  been  done 
here.  It  is  helpful  to  look  at  the  lines  near  the  top  of  Figure 
B1  indicating  the  observatipn  order  nimbers  that  are  plotted 
against  one  another.  The  median  of  the  smaller  sample,  order 
nxanber  4,  is  plottfted. 'agaipTst  the  median  of  the  larger  sample,  the 
average  of  order  numbers  6  and  7.  This  is  reasonable.  Similarly 
the  extreme    observation  s^  -  in  -  the    .^iffaller    sample    are  plotted 
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against  the  more  extrerrte  observation^. of  the  larger  sample* 

Another  exaanle  may  also  be  helpful.  Since  the  method 
used  to  form  pairs  of  observations  depends  orjly  on  the  sizes  ot 
the  two  samples  and  not  on  the  actual  observed  values,  this  time 
we.   omit  the  observed  values*     Figure  B3  indicated  all  the  calcu- 

•  •   ■  *  s  ■ 

lations  required  to  form  a  q-q  plot  when  the  sample  sizes    are  b 
and  8.  •  '  • 

^  The    calcul at ions    of v/column    4      of      these      tabl es  t 

•  ■  * 

{  i/m-t-1  ) /  (n-f  1  ) ,  can  be  sonewhat  tfedious.  However,  these  can  be 
done  quickly  and  accurately  with  a  small  calculator  if  '  one  is 
available, 

,  «  Other  slightly  more  complifcated  methods    are  sometimes 

used  to  fornt  q-q  plots  .from  samples  of  unequal  size.  These 
methfxis  differ  from  this  approach  in  that  they  require  interpo- 
lating and  averaging  two  adjacent  observations  in  the 'larger  safin- 
pie  tq  get  columns  5  and  6,  unlike  ^he  simple  rounding  doie  here. 
However,  for  most  sets  of  data  thfere  is  little,  qualitative 
difference  between  the  q-q  plot  obtained  using  the  simple  method 
given  here  lind  the  fl^q  plot  obtained  using  a  more  complicated  in- 
terpolative  scheme^-t^hus,  the  method  presented  in  this  appendix 
is  adequate  for  most  purposes. 
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EXAMINING  ONE  AND  TWO  SETS  OF  DATA  ^  / 


PART  HI:     ASSESSING  THE  SIGNIFICANCE  OF  THE  DIFFERENCES 

BETW.EEN  TWO  SAMPLES 

by  '  '  • 

Lorraine  I^enby  and  James  M,  Landwehr 

Bell  Telephone  Laboratories 
Murray  Hiil,  New  Jersey    07  974 

*  ^   I         .  .       •  • 

Often  after  looklfng    at    the    data    both    with  sumroai-y 


Statistics  gmd  •grap>drcal-m^thod^  we  might  still  have  questions  as^ 


to  what  this  realliT^eans*     Sometimes  it    will    be    obvious  that 


4f 


there  is  a  distinct  difference  between  the  two  samples •  You 
'might  lie  sure  that  this  difference  is  large  enough  to  be  con- 
cemed  with  aj|id~  feel  confident  that  the  data  have  been  suffi- 
ciently  analyzed.  Other  times  the  two  safnples  are  so  similar 
tntfit  vou  also  ar^  sure  that  there  is  no  <aiffer^ce*    But,  for  the 

tim^s  when         are  not  certain  you  may  want  td  '  use    a  technique 

> 

designed    to  help  you  put  a  degree  of  certainty  on  your  decisicm# 
In  such  situations  the  permutation  test  descussed    in    this    part  ' 
may  prove  useful. '  *  • 

In  fact,  if  there  is  scxne  question    concerning    whether  . 
pr  notj  an  apparent  difference  observed  in,  the  data  is  ^'real,**.  one* 
should  consider  ^-epeating  the  experiment  to  see  if  the  same  sort 
of    difference!   occurs     again.      Reasons  for  doing  this  were  dis- 
cussed in  Part  I.    However,  replication . of  the  Experiment  is  of- 
ten expensive  and/cyr  time  consuming;-  then  it  is  useful  to  examiine. 
the.  present  data  more  carefully  to  §^e  whether  or  not    a  'dif^er- 
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ence  such'  as  has  been  observed  could  be  due  only  to  r*andom  fluc- 
tuation. '  Thi^  part  presents  a  statistical  technique  tor  this 
purpose.  But  in  order  to  explain  why  this  technique.  4s  reaspn- 
able  we  will  first  consider  *what .  sort  of  analys^fs  we  might  do  it 
part  of  the  experiment  had  been  replicated.  This  analysis  has 
certain  similarities- with  the  permutation  test  presented  later  in 
this  part. 

Suppose  E^^one  has  measured  the  time  it.to^  for  three 
fifth-grade  boys  and  three  fifth-grade  girls  to^ptoas  aai  inter- 
section.-   Th(B  times,  in  seconds,  are  boys  -  11,  7,  12;  and  girls 

-  .  ,  s  ■ 

-    5,  *  9,  .  8.      All    of  the  cMl<5rQn>i$:rossed  separately,  sp  their 

times  should' not  have  affected  ^each  other/  One  might  assume,  un^ 
^til  evidence  to  the  contrary  is  presented,  tha^t  it  stakes  boys  and 
girls  the  same  amount  of  time,  on  the  average,  to  cross  the  in- 
tersection.  Do  these  datf  give  enough  eviejence  so  that  We  should 
abandon  this  assumption?  Obviously  it  does  not  take*  all  boys 
exactly  the  same  amouht  of  time  to^ross  the  street,  as  the  times 
Yicrm  —'7,  11,  and  12  —  are  not  all  the  same.  However,  it  is 
still  c^lte  possible  that  the  averaepe  time  for  boys  —  apart  troov 
random. differences  from  boy  to  boy  and  frc«n  one  crossing  to  the 
next  for  the  sam6  hgy  —  is  the  same  as  the  average  time  for  the 
girls.  It  is,  of  course,  possible  that  the  averse  crossing  time 
depends  on  the  age  of  the  child,  but  in  thin  example  we  are  con- 
sidering children  of  app):LOximately  equal  age. 

If  we  were  to  replicate  this  experiment  we  would  -^meas- 
ure crossing  times  ,  for  more  sets  of  bpys  and  girls.  However, 
suppose  tha*»  for  ^ome  reason  we  have  obtained  crossing  tiroes  for 

'  52.J 


--^veral  sets  of  three  boys  but  orvly  for  one  set  of  three  girl^. 
In  fact,  .in  replicating  the  experiment  we  would  want  .to.  obtain 
data  both  for  more  sets  of  boys  and  more  sets  of  girls,  since  we 
woiild  want  the  variety  of  experimental  cohditrons"  over  which 
the  data  were  obtained  to  be  comparable  for  the  boys  and  for  the 
girls.  ,  By  "exper invent al  conditions'*  we  m§^J things  such  as  the 
day  of  the  week,  the»  speed  an^  density  of  the  traffic,  the  time 
of  day,  the  weather,  etc.  The  following  discussion,  concerned 
with  an  j^propriate  anaaysis  if  only  the  boys'  data  were  rapid- 
cated^  is  intended  merely  to  help  in  under st^Aiding  the  permuta- 
tion  test,  which  is  presents  later  in  this  part. 

Suppose  we  measure  the  crossing  t^'imes    of    threfe  gi^ls 
and    for  20  different  sets=  of  t^ee  boys.   'Each  set  of  three  boys 


is  measured  eitlier  on  a  different  day  or  at  a  different  time  of 
the    same    d^ay.    Since  we  are  concerned  with  the  avere^gre  crosyBing 


•times  for  thte  girls  and  fhe  average  crossing  ti-Yne  for    the  boys, 
, it    is  reasonable  to  calculate  the  average  crossing  time  for  each 
of  the  twenty  sets  of  three  boys  and  for  the  set  of  three  girls. 
Simply    because    df  random  fluctuation  we  would  not.  expect^all  of' 
the  twenty  boys'  averek^jes  to  be  exactly  the  same.     These  averages 
will  Vary  from  one"  to  another  emd  the  amount  Of  this  variation  is 
an  indication  of  the  fluctuation  due    simply    to    random  chance. 
This    assumes,  though,  that^there  is  nothing  external  that  cause? 
the  boys  to  cross  particularly  qiiickly  or  slowly  on  the  different 
days;  i.e.,  the  experimental  conditions  that  do  change  do  not  in- 
fluence  the  results.     Then  what  we  would  like  to    do    is  ccm-.pare 
the    distribution    of  boys'  averages  to  the  single  girls/  average 
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ciross^^-^time.  This  could  . be  done,  graphically  by  forming  a  cumu~ 
lative  distribution  graph -(sed  Part  I)  ol/the  twenty  boys'  aver- 
age  crossing  times  and  seeing  where  the  girls  average  talis 
within  this  distr ibut-ion.  Jor  example,  if  the  girls  v^yerage 
fall6  near  the  middle  of  this  distribution,  then  we  see  that  it 
Is  npt  unusual  to  have  a'  boys'  aver ejge  time  near  the  girls' 
value,  or  higher  or  lower.  The  girls'  value  is  not  extreme; 
thus,  the  girls'  value  seems  to^Mit  in  with  the  dis^ril^tion  of 
boys'  values.  Since  the  boys'  value^wesu^ably  differ  only  be- 
cause of  random  fluctuations,  there  is  no  strong  evidence  that 
„  the  girls'  value  does  not  also  differ  only  because  of.  random 
fluctuation;  the  underlying  girls'  average  could y|5l auslbiy  be"*  the 
same  as  the  Underlying  boys  Average  crossing  time.  However, 
suppose  the  girls'  average  falls  at  the  extreme  of  the  distribu- 
tion  of  the  boys*  average  crossing  time.  This  situation  implies 
that  it  is  not  so  likely  that  random  fluctuation  alone  will  give 
a  value  as  extreme  as  the^obfeerved  girls'  average.  Thus  here  the 
evidence  is  stusongef  that  the  girls'  average  crossing  time  is 
really  different  from  the  boys'  average  crossing'  time. 

These  ideas  relate  Slq  the    permutation    test    developed  . 
below    in    that    "pseudo-replicates,"  cofrespondir^j^^n  ^a  sense  to 
the  twenty  sets  of  three  boys'  crossing  times,  vill  be  generated 
from    the    initial    data.       Then     the    distribution    of  "pseudo- 
replicates"  will  be  compared  to  the  diffeljence  between  the  _  boys\ 
and  girls'   average  crossing  times  in  the  observed  data.  ^.^P 

Hoviever,  we  wish  to  emphasize  that' tVie  permutatidn  test  • 
is  not  Interjlhed  as.  a  substitute  for  replication  of  thW  experiment 


for  reasons  discussed  in  Part  I.  Moreover,  replication  bt  only 
one  of  the  sets  of  meaisurern'ents ,  such  as  gathering  measurenents 
onlv  for  nore  boys  in  the  crosg^ng  time'  es^ample,  would  only  be 
appropriate  if  we  could*  be  positive  that  swfy' change  in  the  exper-  /' 
irtental  conditions  could  not  possibly  affect  the'  results.  No/-? 
mally  this  will  not  be  the  case  and  we'  would  collect  more  of  both 
sets  of  measurements.  In  the  crossing  time  example  We  would  want 
data  for  both  sets.of  three  boyS  and  sets  of  three  girls.  The 
ideas  involved  in  the  above  discussion,  though,  Sre  useful  in 
understanding  the  permutation  test.  J 


The  permutation  test  helps  deci^  whether    there    is  a 
significant    djLfference    between     the  value  of  a  given  one'seunple 
statistic  in  the  two  samples.     For  example,  it  can  be    used  with 
'the  ^medians    of    two  samples,  <or  the  interquartile  ranges  or  the 

means.    We  will  be  discussing-  in  detail  the  permutation  method  as 

'  .  \       -  '  ■ 

applied  \:o  determining,  whether  there  'is  a  difference  in  means. 
Lat4nr  we  will  also  use  one  of  the  examples  to  i'llustrate  this 
technique  for  comparing  medians,  "^This  method  could  also  2unalo- 
gousiy  be  used  with  otiier  more  complicated  statistics  but  we  will 
leave  the  extension  to  tKe  reader.  '  \  *  ' 

#  '  • 

A  morp  precise  way  of  phrasing  the  question  of" interest 

.      .  .  _  ...  . 

is    the  following,  ktay^iDthesize  that  the  phencanenon  under- 

lying  the  two  samples  is  the  same;  given     this    hypothesis,  then, 
the  two  samples  should  differ  only  as  a  result  of  random  flu'ctua- 
tion  —  there  should  be.no  syst^riatic  differ«i,ces  between  the  two 
samples.      The  question  can  be  stated;     "Does  the  evidentie  in  the 
data  refute  the  hypothesis  that  the  phenomena  uhdei'lying  the  two 
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•samDlel  are  the  same?"  Scxnetimes,  as  in  t'ig^^re*.  20  o£  Part  xl, 
page  3a,  the  answer  to  this  question  is  not  completely  obvious. 
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Nevertheless,  this  is  an 
answered,  satisfactorily    by    using    the  statistical  methods  that 


ant  question,  and  often  it  can  be 
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will  be.  presented  belov.  .  _^  .  ^ 

Before  developing^   statistical    methods    for  answefipcj 
this    question,     anothef    short    digression  i-s  needed  in  order  to 
develop  a  ccmcept  fundamental  to  the  material  that,  vfill  follow.  ~^ 
Consider  a  coin  that  vre  hVpothes^e  is  f.^iir  —  that  is, 

•      •     .  ■  • 

we  suppose  that  the  coin  is  equally  likely  to  land  h^ads  or  tails 
when  tossed.  We  will  to^s  the  coin  100  times  and  record  the  to- 
tal nisnbers  of  heads  and  tails.  What  sort  of  results  would  seem 
to  refute  our  hypothesis  that  the  coin  is  fair?  If  the  coin 
landed  heads  all  100  times,  and  never  tails |  certainly  everyone 
wouM  agree  that  this  is  sufficient  evidence  that  the  coin  is  not 
equally  likely  to  come  up  heads  pr  tails.  In  9ther  words,  it  the 
coin  were  fair;  it  would  be  virtually  impossible  for  100  indepen- 
dent tosses  to  all  land  heads;  therefore,  observing  all  100  heads 
leads  us  to  reject  the  hypothesis  that  the  coin  is  fair.  The 
evidence  is  strong  enough  to  refute  the  hypothesis.  Indee^V-ff 
the  coin  landed  heads  97  times  and  tails  3  times,^  everyone  woul'd 
still  agree  that,  this  is  sufficient  evidence  that  the  ^in  is  not 
equally  likely  to  land  head^  or  tails.  Again,  the  evidence  from 
the  100  tosses  ^  is  sufficient  to  reject  the  hyi?othesis  that  the 
coih  is  fair*  SiffuUarJy,  results  of  100  tails  zuid  0  heads,  or  y? 
tails  and  I  3  heads,  are  also  obviously  strong  enough  to  con^&^LKie 
that  the  coin  is  not  fair. 

Now  suppose  that  the  100  tosses  give  exactly  50  heads 
and  50  tails.  This  clearly  gives  no  evidence  whatsoever  to  re- 
fute  the  hypothesis  of  a  fair  coin,  as  the  proportions  of  heads 
and  tails  are  exactly  equal.    Now  instead  suppose  that  we  observe 
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51  heads  and  49  tails;  is  thi^  evidence  enough  to  refv;|:e  the  '  hy- 
pothesis that  the  coin  is  fayr?  The  gmsver  would  se€am  to  be  no, 
because  chance  alone  could*  easily  give  a  fluctuation  of  this  s^2e 
in  100  tosses.  We  would  not  expect  a  fair  coin  to  necessarily 
cfive  exactly  an  equal  nianber  of  heads  and  tails  '^in  100  tosses, 
just  as  we  would  not  e^ect  exactly  the  same  total  niinber  of 
heads  io,  the  n^t  100  tosses  as  we  observed  in  the  last  100 
tosses.  Observing  a  slightly  different  number  of  heads  in  the 
next  100  tosses  would  not'  lead  us  to  conclude  that  scw«ethlng  mys- 
terious had  happened  to  the  coin  and  changed  the  coin's  propensi- 
ty to  land"" heads.  Similarly,  observing  51  heads  and  49  tails  is 
close  enough  to  the  "expectation"  of  50  heads  and  50  tails  so 
that  we  would  not  want  to  reject  our  hypothesis  that  the  coin  is 
fair.  -  ^ 

t  ^ 

However,  suppose  the  tosses  igive  58  heads  and  42  tails, 
or  perhaps  65  heads  and  35  tails.  Are  either  of  tl^se  enough 
evidence  to  dismiss  the  hypothesis  that  the  coin  is  fair?  While 
^eryone's  intuition  will  lead  him  to  the  stated  cory^lM^ions  for 
the  nrevlous  examples,  these  new  cases  are  more -"''difficult,  and 
intuition  .  alc^e  does  not  give  a  satisfactory  answer^^one  thing 
that  ^oes  seem  clear  is  theit  if  results  of  58-42  are  sufficient 
to  reject^  the  hypothesis  of  a  faXr  coin,  then  so  should' results 
of  65-35  also  be  sufficient  to  reject  this  hypothesis.  Results 
of  6  5  heads  and  35  tails  give  stronger  evidence  against  the  coin 
being  fair  than'^So  reiTults  of  58  heads  and  42  tails,  since  65-35 
is  a  more  extreme  deviation  from  the  "expected"  50-50  than  is 
H^-42.     But  are  results  as  extreme  as  either  6  5-35    or    56-42  so 
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extreme  that  the  hypothesis  of  a  fair  coin  is  no  longer  tenable? 

^  It  one  vrere  to  asV  several  people  their  vi^s  (9n  these 

f    ,  ■  *  . 

t  ^ 

questions,  most  people  would  have  dlfticulty  in  reaching  a  con- 
elusion  at  all,  as  opposed  to  the  97--3t  J^O^SO,  and  b1-49  cases, 
where  there  would  he  Jt\o  difficulty.  Moreover,  some  people  will 
gay  that  the  evidence  is  sufficient  to  conclude  that  the  coin  is 
not    fair,     while  others  will  say  that  the  evid^ce  is  not  sutti- 

1 

cient*     Intuition  is  not  satisfactory  here,  some  mathematical 

analysis  (using  probability  theory  cind  the  binomial  distribution) 
is  helpful,  but  t^is  is  not  the  place  to  develop  that  theory. 

■  The  imoortant  points  from  this  discussion  can  be  sum- 
marized  as  follows,  Ver"  extrone  differences  of  the  numbers  oi 
heads  and  tails  in. 100  tosses  of  a  coin  are,  intuitively,  quite 
unlikely  to  occur  if  the  coin  is  fair.  Therefore,  if  we  observe 
an  eKtrerne  result  ve  are  safe  in  conclud'in<5[  that  the  coin not 
£ai^.  HQs>?ever,  a  very  even  result,  S|^ch  as  ^1-49,  seems  quite 
reasonable  if  indeed  the  coin  is  f^ir^.     Therefore,  sucp  a  result 


does  not  enable  us  to  conclude  that  the  coin  is  not  fair.  Intui- 
tion  alone  does  not  allow  the  formation  of  conclusions  in  many 
intermediate  situations,  but  at  least  we  can  order  possible 
results,  with  more  extreme  results,  such  as  b5-35,  giving  more 
evidence  against'  the  ,  hypothesis  that  the  coin  is  3|air  than  do 
less  extreme  results,  such  as  58-42*^ 

Now  w^e  will  retujim  to  the  problem  discussed  in  the  be- 
ginning of  this  part  —  whether  or  not  the  differences  between 
tv^  samples  are  large  enough  so  that  they  camnot  \m  attributed  t© 
chance^  alone.      This    problem    will  be  discussed(k.n  terms  of  the 
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bovs*  and  girlr'  cros£?*ing  time  ex^amp.le,  and.  th^  analysis  will  be 
related  to  the  concepts  in  the  ^coin  tossing  example  brought  out 
above • 

Let  us  start,  then,  with  the  hypothesis  that  the  time 
it  takes  firth  grade  boys  to  cross  the  street  is  the  same  as  the 
time  it  takes  fifth  grade  girls  to  crass,  apart  from  random  tluc-. 
tuations.  We  will  now  e>-«nine  the  data  given  earlier  in  this 
part  in  the  light  of  this  hypothesis  and  see  if  something  "very 
unlikely"  has  occurred.  If  something  unlikely  has  happened  we 
.T-Jill  then  abandon  the  hypothesis  of  equal  average  crossing  timeT 
This  whole  process  is  analogous-  to  the  coin  tossing  example, 
where  th"^  hvpothesis  was  that  the  coin  was  fpir.      Given    a  fair 

* 

coin,     observing  97  heads  and  3  tail%s  is  clearly  "very  unlikely 


•i 


Thus,  if  we  do  observe  this|g|esult ,    we    abandon    the  hypothesis 

that  ^hft    coin     is  fair.     The  consequences  of  the  hypothesis  (of 

•  •  ■  ■  ,      .'  « 

■  «  p 

^ equal  average  crossing  time  for  boys  and  girls)  that  will  be 
worked  out  below'  copr'respond  to  the  mathematical  analysis  that 
jj»uld  be  needed  to  determine  if  the  58-42  or  65-35  results  in  the 
coin  tossing  experiment  are  extreme  enough  to  drop,  the  hypothesis 
of  a  fair  coin.  ' 

Assume  that  the  crossing  times  are  the  same  for  boys 
and  girls,  apart  from  random  fluctuations.  Suppose  someone  tells 
ys  that  crossing  times  were  measured  separately  tor  six  children, 
three  boys  and  three  girlte,  and  that  the  six  times  were  9,  12,  7, 
5,"^s1,  8.  Hovjever,  the  names  of  the  children  were  lost,  so  vje 
c^not  tell  which  time  is  for  a.  boy  and  which  time  is  for.  a  girl. 
Then  would  we  h^ve  any  way  of  inferring  which  times  were  boys  and 

5o2 


whicH  were  ,girls?  Under  the  present  assuft^ptions,  'no,  •  it  the 
times  for  boys  and  the  time's  for  girls  were  distributed  in  exact-* 
ly  the  same  way,  then  we  have  no  way  o/ knowing  which  times'  were 
boys  and  vjhich  were  girls,  Irf  it  more  likely  that  the'boya' 
times  were  9,  12,  7  ( an(5^hutf  the  girls'  times  we?re  5,  11,  B)  or 
that  the  boys'  times  were  7,  5,  11  (so  the  girls'  were  ,9,  y12,  b)? 
Neither  is  more  likely.  Our  assumption  of  equal-  crossing  time 
for,  boys  and  girls,  apart  from  random  fluctuations,  says  that  any 
particular  value  is  Just  as  likely  to  arrT^  from  a  boy  or  from  a 
girl.  Then  the  assignment  of  anyithree  of  the  •  six  values  nr*  we 
Know  there  were  three  boys  —  to  the  boys  is  as  likely  to  be 
correct  as  the  assignment  of  any  other  three  values. 

Consider  all  possible  dif^ferent  assignments  of  the  six 
values  to  .  the  three  boys.  To  obtain  these,  first  order  the  six 
values:  5,  7,  8,  9,  11,  12.  Assigning  8,  11,  and  12^,  to  *  boy^  , 
boy2f^  and  boy^  will  be  €K}uivalent,  for  our  purpdio^s,.  to  assigning 
11,  12,  and  8  to  boy^ ^  boy2 ,  and  boy^,  for  example.  That  is ,  the 
only  important  point  is  which  set  of* three  times  is  assigned  to 
the  boys,  and  not  the  specific  boy  to  which  each  time  is  as- 
signed. Finally,  once  three  tirfes  have  beeh  assigned  to  boys, 
the  remaining  thrflfe  times  pust  be  assigned  to  the  girls.  We  know 
that    there    were  three  boys  and  three  girls;  we  Just  do-  not  know 

which  specific  times  were  boys  and  which  w.ere  girls.     All  possi- 

% 

ble  assignments  are  listed  in  Table  \,  Appendix.  A  discusses  the 
construction  of  this  tabid;  it  gives  a  way  of  ordering  the  pbssi- 
ble  assignments  bct  that  you  caja  be  sure  you  heiven't  missed  any. 

■  ■   '  .     ' .       ■  ■  ■    '  ^    '■'  'i    '  ' 
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•  3  ' 
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5 
6 

7 
8 

9 

10 

11 

12 

13 
Ik 

15 
16 

17 
18 
19 
20 


boys 
5.7,8 


girls 
9,11,12 


average 
crosslni^  time  • 

boys  ^Irls 


5,7,9  '  '  8,11.12 
5,7,11  8,9.12 


5,7,12 

5-.8;9 

5,8,11 

5,8.12 

5,9,11 

5, -9, 1-2 

5",  11, 12 

7,8,9 

7,8,11. 

7,8,12 

•  7,9,11- 

7,11,12 

8,9,11 
8,9,12 
8,11,12 
9,11,12 


8, -9, 11 

7,11,12, 

7,9,12 

7,9,11 
7,8,12. 

7,ar,ii 

7,8,9 

5,llil2 
5,9,12 

5,9,11 
5,8,12 

5,8.11 

5,8,9 
5,7,12 

'  5,7,11 
5,7., 9 
5,7,8 


difference 
M  • 

-  3  1/3  . 
2 

1*  1/3" 
2  2/3 
1  1/3 
2/3' 

H 

2/3 

1  1/3 
1  1/3 

0 

2/3 

2/3 

1  1/3 

2  2/3 
1  1/3- 
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Under  our  assumptions,  the  argument  above 'implies  that 
any  of  these  assignments  is  as  likely  to  be  correct  as  any' other; 
they  are  all  equally  likely.  Since  there  are  20  possible* assign- 
Inents,  each  has  chance  1^/20  =  b%  dt  being  cofij^ect.  This  argument 
was  baaed  on  our  hypothesis  that  the  crossing  tirqes  vere  the  same 
£or  boys  and  for  girls#  What  we  have  dc^e  here  is  create  20 
'^pseudo-^replicates*'  of  three  boys'  crossing  times  fropLOur  origi-^- 
nal  set  of  six  measur^ents! •  Now  these  "pseudo-replicates'*  will 
He  cf/ippared  to  the  actual  observed  boys'  crossing  .times  in  a 
manner  analogous  to  the  discussion  near  thfe  beginning  of  thl)fe 
part  concerning  what  we  would  do  if  vie  really  did  have  replicates 
for  the  boys.  '  >  >  " 

^  For  each  assignment,  we^  can  calculate^  the  average 
crossing  time  for  the  boys  emd  the  average  crossing  time  for  the 
girls#  '  These  are  giv^  in^the  right  side  of  Table  1v  Under  the 
hypothesis  of  equal  aveirage  crossing  time,  for  boy^  and  girls,  we 
would  expect  these  numbers  to  be  t>re  same  for  the  true  Assignment 

*  ■  •    ■  ' 

«  .  F  4» 

of  the  six  values  to  the  three  boys  and  three  girls,  apart  from, 
random  f^luctuation.  The  difference  ih  the  average  crossing  times 
for  boys, ^nd  girls  gives  a  natural  measure  of  how  extrme  a  given 
assignment  is*  This  difference  is  analogous  to  the  nilanber  of 
heads  in  100  tosses  in  the  coin  tossing  example;  an  ^veragtf 
crossing  time  difference  of  0  corresponds  to  5b  heads. 

.If  the  true  average  crossing  times  are  not  equal  '  in 
this  problem,  then  we  don't' really  know  whether  the  boys  would  be 
faster  or  the  girls  would-be  faster^  Each  possibility  is  cer-- 
tainiy  ,  plausible,     though    different  people  might  have  different 
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opinions  about  w^ich  is  more  likely.  Thus  ll^re  it  'is  reasonable 
to  disregard  the  sign  of  the  difference  between  t^^e  'average 
arossing  times,  as  is  done  in  the  right  column  of  Table  1«  Thus 
tvfo  differences  that  aires  equal  are  treated  as  giving  equal  evi- 
dence  against  the  hypothes^Si  whether  or  not    the    boys'    or  'the 

■  ■ .  •   i  '  ■ 

girls  average  is  larger.  All  possible. assignments  from  Table  1 
can  be  ortifired  in  terms  of  the  magnitude  pf  the  resulting  ^i£f  er- 


jrA^re 


.  enceis!  th'is  is  giveh  in  Table  2  .    ^  . 

Continuing  the  analogy  withV^he-  coin  •  tossing  Example, 
*We  maintain  tj^t/  a  more  extreme  .  result  gives  itKJre  evid'ence 
against  the  original  hypothesis  (be.it  that  crossing  times  are 
equal  or  that>  the  coin  Is  fair)  thSm  does  a  less  extreme  result, 
'in  the  coin  tossing  exa^nple  we  only  used  our  intuit iori  in  decid- 
ing that  certain  resiJrtsts  t*such  as  gf^~1 )  were  so  extreme  that  they 
obviously  would  cause  abaindoning  the  hypothesis  of  a  fai^r  coin* 
For  "less  extreme  results  (such  as  SS^-SS )^^jae'  did  not  have  a  quan- 
titative  measure  of  how  unlikely  such  results  really  are.  here, 
though,  thP  analysis  haa  shown  that  each  of  the  20  values  in 
Table  2  is  equally  likely,  as  a  '  consequence    ot    our  hypothesis 


that  the  crossing  timesi  ar*>  equal.  Thds,  assuming  this  hy- 
pothesis  ^nd  looking  at  the  values  in  Table  2,  we  can  make';state- 
{Tjents  such,  as  the  follov;ing:  the  chances  are  2  of  20  (10;^)  .that 
the' dif f^erence  is  4;  ttie  .chances  are  b  of  .ZD  -{30%)  that  the 
difference  is  greater  than  or  equal  2  2/3  (i.e.,  that  the  differ- 
ence  is  2  2/3  or  3  1/3  or  4).;  the  chances  are  14  of  20  (70)t)  that 
the  difference  is  great-er  than  or  equa^  .1  1./3  (i.e.  ,•  that  the 
differf^nce  is  1   1/3,  2,  2  2/3,   3  1/3,  or  4);     Recall     again  that 
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-     .  TABUS  2    -  PS7-15 

Order  ot*  the  Dirfeirennes  f ro^ 
the  20  Assignments 


'                Assignment  Number                       Difference  ^  Rank 

•                                            1      ;          •  .    -                           k     '.  1 

20                                              h  2 

2            .                           3  1/3  3 


19  K             ^  1/3     ,  ■  '    ,  ^ 

5  '  ^              2  2/3  5 

16  -  ,             "2  2/3  6 

'  •3  .                                  2  7  ^  ^ 

18  .  r-   .                    '  .     ^  '        8  ' 

4  '                                  1  1/3  ^ 

6  '     '  *  11/3  10 

11-  •  11/3  II  -. 
'10  .               1  1/3                   _  12 
15  '             11/3  13  u 

17  ,  1  1/3  1^ 

7  .,  •      .              ^2/3  .  15 

8  '2/3  16 

13  '       .  "2/3       ^  17 

14  2/3'    .  "  '  18 

9  '      ^  ■  ^9 

12-  /  0  20 


\  ■ 
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all  of  these^  statements  are  explicitly  based  on,  and  are  conse- 
quences   of,     the  assumption  that^  boys  have  the  -eame  distribution 

» 

of  crosaljig  .  times  ^s  girls. 

r  Now  we  want  to  -use  this  inforiwation  to  determine  now 
."unlikely"  the  actual  observed  crossing  times  for  the  thrfee  boys 
and  three  girls  really  are.  To  do  this  we  need  to  determine  what 
the  chances  are  of  obtaining  a  result  at  least  as  extreme  as  the 
result  that  has  actually  been  observed.  .  Then,  if  the  ch«snce  of 
this  happening  is  sufficiently  small,  we  know  that  we  have  ob-^ 
.served  an  unlikely  event  (analogous  to  97  headS'  and  3  tails). 
Therefore,,  we  would  conclude  that  the  hypothesis  on  which  the 
analysis  was  "based  —  that  the  distributions  of  boys'  and  girls' 

* 

cr6ssing  times  are  the  same  — 'is  not- correct. 
■  "      M  The  previous  analysis  has  been  performed  ^without  using 

the  information  specifying  which  of  the  three  times  vrere,  in 
fact,  from_  boys  and  which  thr«e  were  from  girls.    For  this  data,. 

m  .  f  , 

the  boys'  times  were  7,  11,  and  12,  giving  a  difference  of  2  2/3.- 
How  unlikely  is  this  —  how  much  evidence  does'  this  give  against 
the  hypothesis  of  equ^l*  crossing  times?  Another  way  oVphrasing 
this  is,  "what  are  the  chances  of  "such  an  •  occui-rence  when  '  t)tte 
' ^hypothesis  is  true?" 

Since  a  large  differences  gives    more'   evidence  against 
hypothesis  than  does  a  small  ^difference ,  the  appropri-ot'e  cal- 
culation  involves  finding  the  chance  of  getting  as  much,  or  more, 
^vldence    against     the    hypothesis  as  has  teen  given  by  the  data. 
It  is  not  reasonable    to     Just     calculate    the    chance   "that  the 

difference    Is    exactly  equal  to  the  observed  differaice  from  the 

*  •  - 

y^-       •  t         *  ^  5o8 


data.  Such  a-  caldulation  would  imply,  fcr  example,  that  a 
difference  of  0  (jives '/more  ^evidence  .  against  the  hypothesis  ot 
equal  croasing  timep  than  does  •  a  d/ifference  of  1  1/3,  since  the 
chance  of  observing  0  is  10%  (2  oi,^20)  while  the  chance  pf  ob- 
serving 1  1/3  is  30%  (6  of  20).  This  is  clearly  not  reasonable, 
as  a  '  difference  of  0  gives  the  least  possible  evidence  against 
the  hypothesis.  •  . 

The  crucial  point  in  these,  calculation 6  is  that  we  tlnd 
the  niimber  of  differences  in  Table  2  that  are  as  large  as  0£ 
larger  thart  4:he  observed  differences.  It  the  hypothesis  of  equal 
crossing  time  is  true,  this  tells  how  unlikely  it  would  be  to  ob- 
serve  a  value  giving -at  least  as  much  evidence  against  the  hy- 
pothesis  as  the  actual;",  observations  give./  This  .is  call 
"tail"  calculation,  ■  as  we  look  at  the  ^^^^r^l"  ,o£  the  distribution 
of  possible  differences,  not  Just  at  the  actual  observed  difrer- 
ertte.  This  calculation  guarantees  that  a  more  extreme  result 
(such  as  1  1/3)  will  have  a  smaller  chance  than  the  less  extreme 
result  (§uch  as  0),  as  the  calculation  for  the  less  extrsnd. 
result  will  include  those  terms  that  enter  into  the  calculation 
of  ttie  more  extreme  result.'  For  exsmiple,  the  chance  of  a  ditfer- 
ence  'greatac  th^  Sr  equal  to  is  lOOIi^  (20  ot  20Tl  while  the 
chance^f  a- difference  greater  than  o^^equal  to  1  1/3  i®  70^  (14 
of  20),  This  is  intuitively  satisfying^,  a^ the  more  extreme 
result  thus  gives  moi-e  evidence  agaj,n5t  the  hypotltesi(p  than  t^e 
lesjK^xtreme  rest+lt.        •  ^-  ^ 

For  the  observations  in  the  crossing  time  example,  the 
difference    is    2     2/3,     so  the  chance  that  the  differorice  ot  **trhfe 
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averaqe  girls'  tirfie  from  the  average  boys'  time  is  at  least -^2/ i 
is    6  of  20,  or  Rephrasing,  the  chance  of  getting  a  difter- 

ence  as  large  or  iarget  than  that  observed  is  30)6^  .  i£  the  hy^ 
pothesis  that  the  girls'  crossing  times  and  ^he  boys'  crossing 
times  are  tlie  jsame  is  indeed  true* 

Agraphical  comparisoh  of  these  diff erenbes  could  be 
obtained  by  forming  a  cumulative  distribution  graph  of  4:he 
differences  in  Table  2  as  pictured  in  Figure  1'  and  then  seeing 
whether  or  not  the  observed  value  of  2  2/3  is  extreme  in  terms  of 
this  distribution.  This  is  analogous  to  the  idea  ip  the  begin- 
-  ning  of  this  part  for  comparing  the  di^ributio^.of  boys'  average 
crossing  time  to  the*slngle  girls'  average  crossing  time. 


IV' 

12. 


From  this  graph  we  get  the  visual  idea  that  2  2/3  is  in  the  mid- 

« 

die  of  l^he  distribution  and  does  not  fall  in  the  e>dtremes.  There 
is  a  30%  chemce  of  obtaining  a  difference  greater  than    or  equal 
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to  2  2/3  if  the  hypothesis  of  equal  crossing  times  is  true.  This 
agrees  with  the  answer  obtained  in  the  previous  paragraph.  ' 
*  In  this  example  a  sufficiently  extreme  difference  with 

either    a  positive  or  negative  sign  would  intuitively  make  us  re- 

■     .      .'  -  ' 

Ject  the  hypothesis  for  the  problem;  this  is  the  reason  we  disrer 
garded    the    sign     in  the  above  calculations.    However,  there  are 


other  probl^B  where^an  extresne  djt'f ference  in  one  direction  would 
cause  us  to  reject  the  hypothes:|iS,  w^ile  sai  extreme  ditf eren6e  in 


the  other  dlrectj^on  wouW  intuijb/ively  be  quite  confusing,  h^  an 
•example,  consider  the  car  spe^  example  of  Part  I.  The  speeds  of 
cars  crossing  a  certain  intersection  are  measured  on  two  consecu- 
tive school  days.  On  the  first  day  no  police  guard  is  stationed, 
at  the  intersection,  while  the  second  day  a  guard  is  present. 
One    might    wonder    whether  or  not  the  data  show  am  effect  of  the 
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guard  on  th4  speeds  of  the  cars.     To. analyze  the  data    using  the 

It  .« 

methods    Just    presented,     we  state  the  hypothesis  of    no  ditter- 

S.. 

ence"  as  follows:  wit^ypothesize  that  the  averaige  speed  of  the 
cars  is  the  same  when  the  guard  Is  present  as  whei  he  is  not 
present.  Then  w6  see  if  the  data  give  evidwce  to  reject  this 
hypothesis.  Intuitively,  if  the  speeds  of  the  cars  are  much 
slower  when  the  guard  is  present  compared  to  when  he  Is  not 
presen^  we  would  want  to  reject  this  hypothesis.  However,  if 
the  speeds  are  much  faster  when  the  guard  is  present,  .we  are 
surprised  and  confused.  It  is  hard  to  believe  that  people  would 
drive  substantially  faster  when  they  see  a  police  guard  t>ian  when 
the^  do  not.  If  we  do  observe  people  driving  subst^tially  fas- 
ter with  the  guard  present,  we  might  look  ^or  other  explanations. 
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Was"  the  weather  different  the  two  days,  causing  a  change  in 
speeds?  Was  the'  traffic  density  different?  ^Ware  the  measure^ 
ments  really  made  correctly?  Were  the  two 'se^s  of  measur anient s 
-made  at  the  ssme  time  of  day?  Was  there-  some  other  mitigating 
factor  nearby,  causing  a  c^ia»ge  in  driving  habits?  (Indeed,  ail 
these  potential  problems  should  be  considered  in.  any  case  in 
the  analysis  of  data  from  this  example*)  For  this  exampl^,  thp-n, 
only    ati    extrane    difference  -xin    one  direction  —  average  speed 


extrane  difference  -xi 
^ith  polic«nan»  present 


lower  with  polic«nan »  present  — ^  would  intuitively  cause  us  to  re-^ 
ject  the  hypothesis  of  equal  average  speed*  Such  an  example  is 
called  ''oneTtided'^  Problems  where  either  a  positive  or  a  nega- 
tive difference  could  lead  to ^rejection  of  the  hypothesis  are 
called ,  "two-nided'\  J^lig)ntly  different  Calculations  are  required 
ir\  the  two  types  of  problem*^* 

In  a^^o-sided  problem  an  ext.rene  deviatic^  in  ^  either 
direction  could  lead  to  rejection,  of  the  hypothesis.'  Thus,  the 
sign  of  the  difference  can  be  ignored  tor  these  calculations,  and 
the  nethod  i^,  exactly  as  given  above,  Ho^-yever-,  in  a  one-sided 
probleri  only  extreme  events  in  one  direction  could  lead  tb'  rejec- 
tion of  thp  hypothesis.  l^hen  we  must  retain  the  signs  ot  the 
differences  and  calculate  the  chande  of  observing  a  result  as  ex- 
tra^e  or  morer-  extreme  a«?  the  data,  in  the  direction  that  v^ould 
lead  to  rejection  of  the  hypothesis •  An  example  of  this  type?  of 
calculation  is  given  near  the  efid  ol  thiB  part,  ^ 

Now  it  is  necessary  to  leave  the  strictly  objective 
analvsts  of  this  data  and  answer  a  subjective  question.  We  fiavc 
observed  an  event  that  our  results  sho\.;  has  a  chance  of  30?b.  The 
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number  obtained  by  this  whole  process  -  here         -  is  called  the 

■| 

attained  significance  level,  xi:  thfe  h^pJ5t"h«sis  of  equal  crossing 
time  is'  correct,  then  about  30|  of  th^  time  we  will  -^observe  an 
event  at  least  as  extrane  as.  the  present  data.  Is  this  attained 
significance  level,  3056,  so  small  so  that  we  should  concli»ae  that 
somethi/ig  very  unlikely  has  happened?  Using-  the  coin  toasing 
analogy,  our  intuition  told  us  that  the  chance  of  observing  a 
result  as  extreme  97  heads -amd  3  tails,  if  the  coin  were  fair, 
was  so  verjy  small  that,  if  we  do  in  fact  observe  97  h€?ads  and  3 
tails,     theo.  must    concliide  that  something  is  wrong;  the  hy- 

pothesis of  a  fair  coin-  is  not  correct.     Is  the    chance*  here 
30%  —  so  small  that/ve  should  make  a  similar . conclusiai  for  this 
problem?    If  we  wer^^  to  decide  that  30%  is  small  enough,  then  the 

-  -  /  .  _  ■  V 

conclusion  would be  that  the  hypo th^ is  of  equa}  crossing  times 
for  boys  and  .girls  is  not  tenable.  The  '  data  would'  be  strong 
enough  for  us  ti^  reject  this  hypothesis.  -  ,      ^  " 

How  should  we  actually  -use    the    attained  significance 

<  - 

level     to  gui.de  us  in  our  consideration  of  the  Sata?    There  is  no  / 
simple,  universal  answer;  appropriate  uses  dpj^d  on  the  purposes    ,  ^, 
of    the  analysis  and  the  resources  available.     However #  some  gen- 
eral  considerations  can  be  outlined.     In  many    probl^s    we  will 
first    simply  want  to  summarize,  either  for  buriselves  or  for  oth- 
ers,  the  degree  of  evidence  that  ^  the  data  give  against,    the  ini- 
tial h"^potjhesis ;  presenting  t'he  attained  significance  level  gives 
a  precise  way  of  doing  this.     If  this    number     is    fairly^  large, 
such    as    20%,  bQ%,  45%,  or  even  10%,  then  ni^y^peopie  woiprd  feel, 
that  an  event  has  occurred  that  is  not    at    all     surprising;  the 
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data  have  not  given  them  any  reason  -to  change  thetr  assumption* 
that  the  initial  hypothesis  is.corrac't.  However,  if  the  attained 
significance  level  is  quite  small,  sa^1% ,  0.04Sii,  or  0.1^,  then 
most  paopfe^  would  feel  that  the  data  have  given  them  adequate 
justification  for  abandoning  the  initial  hypothesis.  Many  people 
feel  ambivalent  concerning  nunbers-  in  the  range  ot  13i  to  ^0%, 
feeling  that  they  have  fairly  strong,  but  not  overwhelming,  evi- 
denoe^to  reject  the  hypothesis. 

\.  However^ymariy  problems  ultimately  require  some  action, 

or  decision,  on'the  part  of  the  scientist,  and  much  mor^  has  to 
be  considered  than  simply  the  attained  significance  level  in  ord- 
er* fo  arrive  at  an  appropriate  response*.  For  example,  consider 
the  car  speed  "with  gu4rd"  and  "^with  no  guard"  exan^ple  of  Part 
tl.  Supped  the  attained  significance  level  is  so  small  that  no 
one  would  still  maintain  that  a'guard  has  no  affect  on  the  car 
speeds.  Does  this  prove  'that  a  guard  should  be  hired  for  this 
intersection?  Not  necessarily,  A  nvinBfer  of  questions  should 
still  be  asKed.  Does  reduction  in  speed  due  to  tlje  guard  contri-^ 
bute  enough "towards  safety  to  compensate  for  the  cost  of  the 
guard?  ij  the  guard  reduced  ali  speeds  from  VO  mph  to  &0  mph, 
the  differenecTwould  )^e  extremely  significant,  in  the  sense  that 
thrii^uard  \  has  a^Qefinite  effect.  However,  the  contribution  to 
safety  would  aoieai  minimal,  as  60  is  still  so  fast  as  to  be 

very  dangero^^»■..4;^^edestrians.  s2nilarly;  if  all  speeds  were  re- 
duced from  exactly  15  mph  to  exactly  13  mph,  'the'  guard  would 
still  have  a  definite  effect,  but  the  effect  might  not^^^^la^ge 
enough  te»  warrant  the  cost.    Moreover,  even  if  the  y^st    of  the 
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guard  were  considered  warranted,  is  this  the  best  way  ol:  spending 
the  money?  Alternatively,  would  speed  bumps  be  more  effective, 
or  pezfhaps  a  series  of  signs?  Would  some  other  location  of  .  the  ^ 
guard,  away  from  the  intersection,  lead  to  an  even  greater  reduc- 
tion in  speed?  Various  questions  such  as  these  should  be  con- 
sidered in  .  probl^s  where  some  action  or  recommendation  is  Con- 
templated. 

In  summary,  suppose  a  pi^blem  involves  cc^nparing  two 
sets  of  data,  and  suppose  it  is  reasonable  ifo  pose  an  initial  hy- 
pothesis that  there  is  ^no^  differesice  between  the  two  sets. 
Moreover,  suppose  examination  of  the  data  (including  graphical 
examination)  indicates  that  calculation  of  the" attained  signifi- 
cance level  of  the  initial  hypothesis  is  wprthwhile.  Thei  the 
attained  signifiCcemce  level  generally  gives  addl^onal  valuable 
information,  and  its  interpre^tation  is  ah  important  part  of  the 
analysis  of  the  data.  However,  it  is  by  no  means  the  c^iy  part 
of  the  analysis^^j^d  other  factors  must  be  consl^^erad  in  order  to 
eirriVye  at  an  appropriate  response  or  recanmendation  for  the  ori- 
ginal  problem.  " 

■  The  entire  method  that  has  been  discussed  in  terms (^^f  ' 
the  crossing-time  example  could  be  described  ad  judging  the  sta-^^^ 
tistical  significance  of  the  difference  between  two  samples  by 
using  the  permutation  test.  A  brief  review  of  the  :central  points 
follows.  Tlie  method  is  really  only  needed  when  there  is  a  possi- 
ble difference  between  the  two  saimples,  but  the  lifter ence  is  not 
BO  extreme  as  to  be  obvious.  A  hypothesis  is  stated  *  that  there 
is    no    difference  between  th^  situations  imderlying  the  two 'saum- 
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pies,  aind  the  data  «^re  examined  to  see  if  there  is  sufficient 
evidence  to  reject  this  hypothesis.  The  roethod  consists  of  form- 
ing  all  possible  assignments  of  the  observations  into  two  groups 
„__y-  of  the  same  size  as  the  observed  samples,  but  disregarding  which 
particular  val  ue  ^^ne  ^^rom  which'  sample*  For  each  assignment, 
the  difference  between  the  averages  bf  the  tvj^  groups  ife*calcu- 
lated  and  these  differences  are  ordered.  The  .signs  of  the 
differences  are  retained  or  not  depending  on  whethef  a  one^tailed 
or  twp-tailed  calculation  is  appropriate.  Then  a  tail  calcula-: 
tion  Is  performed,  getting  the  nisnber  of  assignments  giv^g  a 
difference  as  extreme  or  more  extreme  as  the  observed  diff-ference. 
Then  this  nunbet  is  divided  by  the  total  number  of  assignments, 
giving  the  chance  of  a  result  at  least  as  extrane  as  that  ob- 
served*,  if  the  hypothesis  is  trbe.  If  this  chance  is  very  small, 
an  unlikely  event  has  occurred,  so  the  data  have  given  sufficient 
evidence  to  reject  the  hypothesis.  However,  if  the  chance  is  not 
small,  then  the  dat^t  he^e  not  given  sufficient    cause    to  reject 
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the  hypothefri^^ 
A  Second  Example  v 

This  part  cbntains  another  small  exam^rg>^_:£he  calcula- 
tions  requij:^  for  the  permutation  test  are  given  in  detail,  but 
the  rationale  of  the  calculations,  as,  given  ii^  the  first  example, 
is  not  repeated.  In^  the  Ways  ToLearn  unit  several  different 
methods  of  learning  were  trl^  by  different  parts  of  the  class, 
and  we  want  'to  know  if  the  data  shov?  that 'one  method  is  really 
superior SfcO  another.  Consider  only  twq  of  the  methods  of  ■  learn- 
ing, using  games  and  using  business  exAnples,     Four  children  were 

5  {(5  ,i  ■ 
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in  each  group;  pre-study  and  po^-study  tests  ^ere  given  all 
children!  so  the  .amount  each  child  learned  is, measured  by  the 
difference  of  his  pre-study  from  his  post--study  test  result.  The 
iclata    are    given    in  Table  3.     The  hypothesises  t.hat  there  is  no 

diff^^'rence  between  the  effectiveness  of  teaching  with    the  ^ames 

\  * 

method  and  .the  business  method List  all  ei>ght  scores  in  in- 
creasing  order,  so  as  to  ease  the  compilation  of  kll  possible  as- 
signments  of  the  data  into  two  groups  of  four  each.  The  values 
are:  5,  7,  8,  8,  9,*  10,  12,  13.  Note  that  8  appeals  1^ twice  in 
the  data.  In  compiling  all  possible  assignments  we  wan\t  to  keep 
these  two  valties  distinct,  sincev th^ -di^  not  come  from  the  -  same 
child,  and  the  ,  two  "niribers  did  not  necessarily  have  to  be  the 
same.  It  was  only  by  chance  that  two  children  achieved  the  saune 
score,     and    this    fact    should  not  affect  the  ^asic  method  used. 

Thus  from  now  on  we  write  one  value  as  8  and    the    other ^   as  b^, 

'  '  ■ 

All     possible    assignments  ,  Of     the  eight  values  to  two  groups  of 

four  each  are  listed  in  Table  4.     The  difference  of    the  average 

score    of  group  2  from  the  average  score  of  group  1  is  calculated 

for  each  assignment. 

For  this  prpblem,  a^  very  large  positive  value    of  game 

♦ 

aver.ag^  minus  business  average  would  seem  to  give  just  as  good  a 
reason  to  reject  the  hypothesis  og  equal  effectiveness  as  woj|^  a 
very  large  negative  value  for"  this  difference.  We  have  no  pribr 
reason  to  feel  that  either  the  game  -methoql  or  the  business  method 
should  be  more  ef f ective,^ if  the  methods  are  not  equally  effec- 
tive, ^  Thus  a  two-tabled  calbul^ition  is  appropriate.  We  disre- 
gard    the    signs  of  t"he  differences  and  order  the  values  in  Table 
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Assign- 
ment 
Number 

•  1 


3 

k 

:  5- 

6 

7 
8 
9 

10 
11 

12  ',. 

13 
14 

15  . 
16 

17 
18 

^9 
20 
2*1 


Group  1 ' 
5,7,8,8« 

5^,7,8,9, 
.  5,7,8,10 
5/7,8,12 
•  5,7-,8,12 
5,7,8*,^ 
5,7,8»,1/) 
5,7,8»,12 
5,7,BM3 
.5,7,9,10 
5,7,9,12 
5,7,9',13 
5,7.10*12 
.    .  5,*7.10,13 

5,7,ia..i3 

5,8'';8«,9 
5,8,8»,10 
5,8,8»,12 
5,8,8»,13 
Y  5,8,9,10 
•    '  5,8,9,12 


Group ' 2  v 
9,10,12,13 
8», 10, 12, 13 
"•  8»,9,12,13  _ 
8»,9,l6,13 

» 

*  8*,9.10t12 
8,10,12,13 
,  8,9,12,13 
8, 9, 10, -13 
8,*9,10,12 
8,8«,12,13 

8,8»,10|X3 
8, 8«, 10,12 

8,8»,9,13  ■ 
8,8»,9,12 
8',8»,9;iO 
7,10,12,1-3 
7,9,12,13 
7,9,10,13 
7,9,10,12 
7,,8*,12,1? 
■'7,8MO,13 


Average  Score 
'In  Group  1  ' 
Minus 

Average  Score 
In  Group  2 

-3,1/2 
-3       .  . 
-2  ■ 

-1  a/2  -  • 

r  -3  '1/2 
.  -3 

^1  1/2 

-2  1/2. 

-1  1/2 
•  1 

-1 

-  1/2  , 
^  1/2 
-3 

.    -2  1/2  ^ 
^     -1  1/2 
-1- 
-2 
•  -1 
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.  Assign- 
ment 
-Number 


Averar.G  ocore 
In  Group  1 
Minus 

Average  Score 
In  Group  2 

.  1/2 
y  1/2. 

0 


7,8',10,13 


8*, 12, 13 
5,8*-,1.0,i3  _ 

538*, 9, 17  '  ^ 
5, 8*. 9, 12 


1 
-2 

-1  ■  . 

-  1/2 

-  1/2 
0* 

1 
0 

1  1/2 
2 
-2 

"-1  1/2 
Mi'-'-- 

0 

-1  ■ 
0 

'  1/2*- 

'i/2' 
1  • 


•  "  Avcrnij-.e  Score 

In  Group'  1 

> 

Assign- 
ment 
Number 

Minus 

• 

Group  ]_ 

/-»     ^     r\  0 

Average  Score 
In  Group  2 

•  ^5" 

7,8,12,13  ■ 

5,8*  ,9,10 

t 

c. 

s- 

7,a«i9,io 

5,8,12,13 

7,8«,9,12 

5,y,,io,i3 

n 

^8 

7, 8*, 9, 13 

5,0,10,12  ^ 

i\9 

^     7,8*, 10, 12 

5  , 8 , 9 , 1-3  • 

1/  C 

50  . 

7, 8*, 10, 13 

5,8,9.12 

1 

,  51 

7^8*, 12, 13 

5,8,9,10  . 

7,9,10,12 

5, 8, 8*, 13 

1 

53 

7,9,10,13_ 

5,8,8*  ,12 

1    1/2  * 

7,9,12,13 

5,o,o*,iu 

2  1/2 

55  * 

7,10,12,13 

r      Q     Q*  n 

5  ,  0  , 0  *  ,  y 

"56  . 

8, 8*, 9,10 

,  5,7,12,13 

*-  1/ 

57  • 

a.8»,9,l2 

•  5,7,10,13 

1/  c 

58 

8.8»,9,13 

5,7,10,12 

59 

8, 8*, 10, 12 

5,7,9,13 

1 

•    ,  60-  '  ■ 

8,8«,10-,13 

5 , 7  , 9 , 1 

1  '1/2 

61  ^ 

8, 8*, 12, 13 

'5,7,9,10 

?  1  /? 

f 

62 

\j  t—  ,■% 

-  8.9,10,12 

•5,7, 8*, 13 

1  1/2- 

8,9,10 ,13  * 

^  7  R*  12  ^ 

"  2  ; 

6^4 

8,9,-12,13. 

5,7,8*,10' 

3 

65 

* 

8, 10,12, 13 

.'5, 7, 8*, 9. 

3.1/2 

66' 

67 

8*, 9, 10, 13 

5,7,8,12- 

2 

•  Assign- 
'  'Number 

•  68 

'   '  69  ' 
70 


J 


.Group  1 " 
■8»,^,12,13 

8», 10,-12, 13 
^,10,12,13. 

V 


Group  2 
,5,7,8,10 

5,7*..8,9 
5,7,8,8* 


Averar.o  Score 
In  Uroup"'  1 
Minus 

'Average  Score 
In  Group  2 


3  1/2 


The  games  average  minus  the  busi^ess^  average  is  3  1/2.  TablB 
shows    that    6    of  the  70  assignments  give  differences  greater 
dr  equal  3  1/2.      Therefore,     the    chances    of    observing  a 

9 

result  at  I'etist  as  extreme  as  the  data  here  is.  b  of  70,  or  about 
8.6%,  if  the  hypothesis  of  equal  effectiveness  i^  correct.  This 

4 

f 

is    a    fairly    low  number,  but  it  is  not  extremely  low.     The  data 

t  ■ 

give  soiTie^  evidence,  but$def  in itely  not  overwhelming  evid^ce,  tor 
rejecting  the  hypothesis  that  the  two  teaching  methods  are  equal- 
ly  effective.  Another 'experiment  vjith  more  students  in  each 
group  might  well  give  a  more  definite  result. 

An  Example  With  More  Data  ' 

This  part-  all^yzes  the  example  discussed  at  the  end  ot 
the  pre'senta^ioh  of  q-q'  plots.  The  speeds  of  cars  were  measured 
when  a  guard  was  and  ,wa8  not  present.  The  data  are  in  Tdble  fa, 
and  the  q-q  plot  in  ih  Figure  20  of  Part  I  (see  page  b  of  this 
part).     ^  *  .  . 

^xaunining  the  values  amd  the  plot  show  that  the  speeds 
are  generally  lower  when  no  guard  is'present,  but  there  is  defin- 
ite random  ^luctua^ic^i .  Could  such  a  ^difference' have  occurr^  by 
chance  if/  the  guard  has^no  effect?  To  hnswer  this,  we  need  to 
apply  theS,  permutation  test  method.  The  basic  prineiples  present- 
ed abovJ\  will  be  used  ijn  this  example,  but  the  lar§e  amounts  of 
data  present  an  additional  difficulty.  Moreover,  the  statistic 
used  here  to  summarize  the  location  of  each  set  of  data  is  the. 
mediafi^-flTwHi)^  mean  was  u^ed  in  the  above  examples. 


'^^^^^S^^^^^E-^^^^         10  values  when  the  guard  was  present,  and  12 
^  va^iiel'*  for    no    guijrd*      The    fact    t>?at    the  two  samples  are  ot 
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Ordering  of  the  l^ifferences  from 
the  70  Asjn.gnmenti;,   pis  regarding  the 
Signs  of  the  Differencec  ^• 


Assg. 

Number 


Diff . 


Rank 


ASi5g. 

Number      Dlff.  Rank 


Assg* 
Number 


Diff. 


Rank 


1 

70 


65 
69 
3 
7 
16 
55 

68 
iO 

17 
54 
61 
4 
8 
20 
26 
36 
35 
45 
'5i 


4-' 
4 

3  1/2. 
3  1/2 
3  1/2. 

3  1/2 
3 
■3 
3 
3 
3 

3  V 
2  1/2 

?,l/2 
.  2  1/2^ 
2.1/2 

:2 
2, 
2 . 
2 
2 
2 
2 


2 


3 

6 

7 
8 

9  • 
10 

11 

12' 

13 
14 

15 

17'  * 
18 

19 
20 
21 
.  22 
23 
24 


63 

67 
5 
9 
11 
18 
37 
34 

53 
60 

62 

66 


12 


13 
19 


21 


27 

4q 
46 
25 
31 
44 
50 


52 


2 

2  ' 
1  1/2 
1  1/2 
1  1/2 
1  1/2 
1  1/2 
1  1/2 
1  1/2 
fl  1/2 
1  1/2 
1  1/2 
1 
1 
1 
1 
1 
1 
1 

n  • 

1 
•  1 

1 

1 


25. 
26 

27 
28 

29 
30 

31 
32 
33 
34 

35  ' 

36  ' 

3? 
38 

39 
4o 
4l 
4^ 

43 
44 

45 
46 
47, 
.  4^' 


58 

•59 
14 

22 

23 
28 

29 
38 
56- 
15 
33 
42 

43 
48 

.49' 

57 

24 

30 

32 

39 
41 
47 


1 
1 


1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 
1/2 

1/2 

1/2 
1/2 
1/2 

1/2 
1/2 


0 
0 
0 
0 
0 
0 


50 

.51 
52 

53 
54 

55- 

57  ' 
58 

99 

•  60 

61 

62 

63 

•  64 

65 
66 

67 
68  . 
69 
70 


V 
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Tuesday' 
No  Guard 


I 


Wednesday 
With  Guard 


33 

•     .  35 

22 

35 
29 

23 

34  * 

33 

40 

30 

32 

32 

ayg  =31.5 


25 
.  28 

20 
22 
25 


26 
28 
.26 


avg  =  26.0 


r 


aifference  ^  -5-5 
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unequal  size  differs  from  the  previous  examples.      Hov;ever,  this 

^  does    not  present  a  problem.    We  simply  want  to 'find  all  possible 

'  *  • 

assignments  of  the  22  values  into  two  groups  of  sizes  10  and  -12. 

As  before,  we  cou'ld  list  all  possible  ap(*lgnments  into  two  groups 

of  the^e  sizes,  calculate  the  median  vox  each  group,     obtain  the 

difference,  order  the  differaioes,  ank  bo  on. 

However,  the  formula  at  the  end    of    Appendi^   A  showS' 

thiit    with    two    groups    of  sizes  m=1 0  aiod  n=1 2  there  are  64e>,b4b* 

possil^le  assignments  of  the  data  values  into  two  groups.      We  'do 

not  intend  to  list  ^ywhere  near  646,64fe  assignments. 

Conceptually,  what  we- desire  to  do  is  to    consider  the 

population  of  the  differaices  between  the  two  group  medians,  over 

~  all  possible  assignments.-    .Then  ^e  wish,  to  calculate  the  proper- 

* 

tion  of  this  population  that  is  more  extreme  — -  in  either  one 
tail  or  both  tails  —  than  the  observ^  difference,  .  The  set  of 
.^^  all  possible  assignments  is  thought  Of  as  a  populatidh.  Unfor- 
tunately, t^is"  population  is  so  large  that  it  is  impossible  \.o 
list    all    of    its  members.     Nevertheless,  we  need  to  learn  some- 

thing  about  this  population,  .  . 

'      -  ■  \  ' 

\.  *         .  X  natural  approach  is  to  obtain  a^sample  'from  this  po- 

pulatJon    with    the  hope  that  the  sample  will  reflect/  fairly  well 

•the  properties  of  the  population  that  are  bf  interest  to  us.  The 

res6urce    unit    PS4,     "Designpyof  Surveys  and  Samples,"  discusses 

conceptjS  related  to  sampling  \rom  a  popi(l^tion.      Here    we  wLqid 

like  to  obtain  a  random  sample  from  the  population  of  all  646,646 

assignments.     A  suggestion  in  the  above  paper  l$ads  to    a  method 

for    doing    this.     If  (^t he  population  unden  consideration  consists 
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ojf  all  the' children  in  a  school  eind  a  random  sample  of  size  30, 
say,  from  this  population  is  desiredt  then  do  the  following, 
yrite  each  child's  naone  on  a  separate  Ccu:<|i,  ah«ffle  all  the  cards 
thoroughly,  and  then  draw  the  top  30  ^ards  from  the  deck.  Each 
child  named  on  a  card  becomes  a  member  of  the  saunple,  and  the  30 
children  obtained  in  tints  way  forra  the  random  saunpUe.  Of  course, 
repeating  the  whole  process,     induing    reshuf fling  ^ the  cards, 

will  give  a  different  randan  sample. 

'  '  ' 

Here  the  problen  faced  id  more  complicated.\    It  is     im- 1 


possible    to    list    each    member   jof  the  popilatic»i  on  a  separate 


card,  as  above,  as  then  there  Would  be  646,646  cards*  ^  Instead, 
write  the  22  numbers  in  Table  6  on  22  cards.  Shuffle  them 
thoroughly,  and  call  the  top  10  cards  group  1  and  thj?  bottom  12 
group  12.  iThese  two  groups' give  one  of "the  646,646  possible  as- 
signments; this  method  gives  a  random  sample  of  size  one  from  the 
population  of  possible  assignments.  Note  that  in  the  proceeding 
examp^,  each  of  the  30  cards  chosien  was  a  saunple  of  size  one 
from  the  populatlcxi -of  children  in  the  school,  and  the  30  cards 
gave  the  entire  random  sample  that  was    desired.     'Here,  though, 

r order    of  all  221  cards  is-  required  to  obtain  only  one  member 
the  population  of  eill  possible  assignments.     If  we  w^sh  to  ob- 

I  •  .  i 

tain* a  random  sample  of  20  assignments,  this  process  of  shuffling 

and  looking  at  the  top  10  and  bottom  12  cards  must  be  repeated  20 

\  •  ' 

different  times* 

Suppose  we  obtain  20'  assignments  by  this  procesj^^^^  For 

^!^ach    assignment t     calculate  tJh^  median  for  the  fii^st  qdh^^t  10 

minus  the  median  for  the  second  group  of  12*    Note  the^^use^f^^  the 


/ 


median  here  while  earlier  exam^l^  used  the    averse.      These  2U 
differehces-   forn    a    random     sample    trom    the  population  or  .all 
h46,646  differences.     This  was  done  and  the  results  are  given  in 
Table  7.     It  is  reasonable  to  expect  these  20  values  to  qive  sane 
tnfornati^  about  the  popul^ion.       However,     there     is  probably 
,;^ne  •  ol"     the  population  smaller  than  the  smallesf  value  and  some 
of  the  pdpulation  is  probably  larger  than  the  largest  value.*  in 
fac/,'  one  can  Expect,  about  1/2 1-2^  of  the  population  ^o  be  smaller 
than  the  lowest  of  the  20  values,  about  2/21-^  of  the  pcrpulation 
to    be     smaller    tYtdn    the  -second     lovrest  of^>ie  20  values,  etc. 
Thus,  about  20/21-S^  of  the  population  should  be    lo\^er    than  the 
largest    of    thh  .20    values,     so    i^bout  1/21-Si/Of  the  population 
should.be  greater  than  the  largesty^f  the  20  valu^ '"^'S^^t  is ,  it 
is     reasonabfe.    to    expect     the  20  values  of  the  random  saW^le  to 

•  •  f 

break  the  population  into  21  pieces  with  each  piece  corytaining 
about  the  name  proportion  of  the  population.  The  values/from  the 
random-sanple  should  be  representative  cf  the  populatlion.  Of 
course,  repeating.,  this  whol ^.^^ocess  would  give  anoth^  random 
sample  of  size  20,  undoubtedly  with  slightly  different 
ences.     Thus  we  cannot  eyrecC  exactly  1/2\^  of  the  population  to 

'  be  smaller  ^han  the  lowest  of  the  20  vSlues  in  the  randorfj  sample, 
\hx\X.    onlv    approximately    1/21^    of     the  -population.'    If  i^  were 
desirable  to  obtain  more,  information     about     the     population,  n  a 
larger     random     sample  could'  be  obtained  by' continuing  to  shuffle 
the  bards  and  assigning  the  top  10  to  grou|^  1  ,  etc.     If  a  random 

'     sample    of  49  were  obtained,  we  V70uld  expect  about  1/50^  =  2'^.of 
the  population  to  have  values  lower  than  the  lOT-rest  in    the  sam- 
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TABI''.  7 

20  Randfj^ply  Chosen  Asslgnmer^ts  from 
--ttie  Value^  in  Table 
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?2i  25, 

/^2,  26, 

22,  26, 

20,  23, 

a?,  22, 

22,  22, 

20,  22, 

20,  22, 

•  20,  22, 
2  0 J  2? J 
22,  23, 
22,  23, 

•  23,  25, 
20,  22, 

22', 

22,  22, 

22,  22) 

20,  22, 

22  f  2  5i 

20,  22, 


Group  1*^ 

f8,  30,  30,  32,  32,  33,  3^+,  35  . 

'28,  30,  32,  33>  33,  35,  35,  4o 

26,  2^,  30,  30,  32,  33,'  3^,  35 

25,  26;*  26,  28,  2,9,  30,  32,  35- 

23,  25, '30,  32,^  33,  35,  ^0 

28,  30,  30,  32,  32,  33,  3i,  35 

22,  25,  -^67.  28,  29,N  30,-33fy3^^ 

23,  26,  30,Vt  33, v3^^;  35, 
23,  25,  26,^30,  32,^3,.,^,  'W 
23,  26,  26,  28,  30,  34,  35,  >0 
25;  26,  28^  28,  29,  30,  33,  3^^ 

25,  S6,  29, -^0,  32,  33, '34,  40 

26,  28,  .29,  3^  30;  33,  3^,  35 
25,  26,  28,.  3p]fo,  32,  i3,  34 

25,  26,  26,  30,  32,  ^^3X33,  40 

26,  28,  -28,  29,  3Q-r^,  32,  33 
25,  25,  26,  29,  30,  33,  33,  35 
22,  25,.  28,  30,  33,  34i  35,  4o 
25,  26,  28,  30,  3q,  30,  33, .33 
22, -28,  2Si,  30',  30,  32,  34,  35 


median 

Gp  2 
median 

Dif  f , 

3i 

27 

4 

32.5^ 

'  27^ 

5.5 

28  ..5 

.1.5 

27 

'  31' 

•  -4  ■ 

31 

28.5 

2  ..5 

.  27  . 

4 

27  ; 

i 

31 

-4 

31 

28.5 

2.5 

28 

29.5  • 

-1.5 

27  ! 

30 

-3 

28   ■  1 

31  . 

-3 

1 

29.5 

29 

0.5 

29.5  ^ 

-  0.5 

29 

i  29.5 

28 

29.5 

-1.^5 

28.5 
.  27. 5  ' 

.  30 

■  -2.5 
-2-.  5 

29 

29  ^ 
29.5 

'^'lo75 

•29^' 

-1.5 

f. 

f  / 


Only  the  values  in  Group  1  are  given  here,         cunsorve  space. 

The  observations  were  ordered-  l?ere  to  ease  calculation  of 

the  mediaL     The  values  in  6roup  2  for  each  assignment  are 
all  thoseTfrom  Table  6  that  are  not  in  Group  1. 
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pie,  similar  to  the  above. 

yhe^  ne>?t  step  in  the " analysis' of  this  data  is  to  order 
the-   20  differences' in  Table  7;  this  is 'given  in  Table  b.     We  es- 

« 

^timate  that  about  1/21^^-.«^.8%  of  th^population    gives  ditter- 
ences    less  than  or  equal  -4.     From  our  actual  data  in  Table,  b  we 
observe  the  difference  of  no  guard  afverage  speed  from  guard  aver- 
age   sp|.ed    as    -ih^,     One-tail  calculation  appears  appropriate 
for  this ''problem,  as  we  would-be  quite  surprised    if    oars  drove 
signif ic«JitlY    faster    with  a  guard  oresent  compared  to  no •  guard . 
ThereforeT  we  would  like  to  make  the  statement,  the  chance  of  ob- 
taining    a    result    as     extreme    as  these  data  is  ??^,  if  the  hy- 
pothesis of  no  effect  of  the  guard  4s    correct.      The    value  11% 
would    be    the    proportion    of    the  population  less  than  or  equal 
-6.5.    But  we  do  not  khc^?  this  proportion;  the  best  we  cah  do  is 
use    the  information  from  Table  8 ,  and  estimate  that  this  propor- 
tion is  less  than  4;8%.    iffhe    resulting^  statement    i|    that  the 
^^hance  of  obtaining  a  result  as  ^STtrq^e  as  these  data  is  estimat- 
ed as  Tess  than  4.B%,  if  the  hypothesis  is  correct. 

Since  the  observed  difference  of  t^.S  i^''''^sub8\antially 
smaller--^an  the  lowest  value  in  Table  8,  -4,  /intuition  suggests 
that  the  prdDortion  of  the  population  less  than  or  equal$-b.b  may 
~%e  -somewhat  \ma Her  than  4.8%.  An  unlikely  event  has  occurred, 
so  the  hypothes^^^an  be  rejected.  The  data  give  sufficient  evi- 
dence^ to  conclude  that  the  cars  do  not  travel  at  the  same  median 
speed  wh^  the  guard  is  present  when  he  is  hot.  The  <^rs  go 
significantly  slower  when  the  guard  is  present. 


TABLE  8 
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Ordering  of  the  20  Differences  Obtained 

in  Table 


r 


Value 

-3 
-3 

-2  .-5. . 

-2.5 
-1.5 
-1.5- 
-1.5 
-0.5 
-0.5 
0.5 
0.^ 

# 

0.5 
1-5  , 
2.5 
2.5 
4* 

5.5 


1 


Rank 
1 

2  • 

3 
4 

5 
6 

7 
9 

10  • 

11 

12 

13V 

14 

15  • 
16 

17 
18 

19 
20 


J 
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( 

kn  electronic  cor^uter  can  be  used  to  make  the  analysis 
of  this  sample  slightly  more  precise.  The  ^mputer  caia^do  some- 
thing equivalent  to  shuff)!ing  the  cards  by  gendj^ating  a  series  pt 

Vjindom    numbers.    Many  more  assignments  can  be'  generate^  this  way 

.   '       '  ■ 

than  could  possibW  be  done  by  .hand  shuffling.     Thus,  the  propor- 

\  V 

tion  of  the  population  of  all  assignment*  giving  .a  differoice 
less  than  or  equal  to  the  ^Jbserv^^d  -6 . 5  can,  be  estimated  much^ 
mote  accurately.  This  was  done,  and  the  estimate  obtained  was 
0.5!^.  This  is  much  smaller  than  the  value  4.8^  obtained  above, 
but  would  likely  lead  to  similar  substantive  conclusions  from  the 
•  data.  Further  information  ean  also  be  obtained  from  this  -data, 
using  a  cbmbinatron  of  statistical  ideas,  probability  theory,  and 
the  capabilities  of  an  electronic  computer. ' 

Many  additional  statistical  ideas  and  metl^ods  are  dis- 
cussed in  Statistics  by  Ex'ample.  edited  by.  F.  ,Mos^eller^  and  oth- 
ers (Addison  Wesley  publishing  Co. ,  1973).  These  are  fpu^  soft- 
cover    books,  with  many  examples  of  problems  and  appropriate  sta- 

tisjE-ical  analyses.    The  material  i6  intended  for  high- school  stu- 

■31  ,  ' 

dents  but  ,  should. be  of^nt^rest  to  both- older  and  younger  audi- 
ences .  , 
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-APPENDIX  III *A.  •  .. 

'  •  ■■  . 

This  appendix  ctiV^sses  how'   to    torm.^  tables    Such  as 

'fable    1,  yable  4/  and  Table,  y.    We  illustrate  the  general^ method 

luming  thatt  we  have  6  humbers  and  want  to  list  all  possible 

\  a^^rtAoxxs,  q£"  the^e  numbers  into  two  set^^  of  3  numbers  each. 

J        .       Denote  the. numbers  by  a,  b,  c,  d,   e,  f.     These  svnibdl 

cx)ulci    be    replaced    by    the  particular  values  in  the  samtjle,;  We 

.  want  to  list  all  divis^tons'  systematically,.- so  as  to  not  miss  anv. 

After    we    have    put  three  letters  int6  set  1-  the  remaining  three 

Iftters^  mugt  automatically  go  into  set  2;  thus  :i^  is    simpler  to 

jusfe  think  of  the  successive  sets  of. elements  for  set 

Table  CI  gives  all  possible  divisions    into    two  set^,' 

.a 

arKi  *'we    nowpresent  the  rationale  behind  constructing  the'taWle. 
.This  mater  id  1  should^be  rea^d  while  looking  at  t^    table;  Start 

\"  -   '    .  ^ .  *     '        '    ^     lid    *  > 

by    putting    tiae    fijTst    triree    letters^i^a,  b,  c        into  set  V* 
Then, replace  the  last  letter,  c,  by  the  next  letter  in  the  .list, 
d.     ^,This    gives    a,  b,  d.    Again  replace  the  lastlletter  in  t;his 
.  §et  by  . the  following  letter  giving  a,  b,  -,6,      Doing  ',thls  aga4.n 
'  gives  a,  b,  f .     This  process  of  incremejjt^^ing    the  th^rd  Tetter  tt^ 
the.  set  cannot  be  carried  ^'urther,  tlisug>i,  sinCe  f    ip  '  the  lai^t 
leitter    in  s:,the    list.      Then  we  now  go-^o\l?he  second  letter- «  We 
.  briginal|yVhad.  a,  :b,  c,     a^jd  .  now  weVanrt  t^'  i,ncre];nent  the  -  aecond 
■' letter:. from  >  to  c.    Th^s  g^vea  a,  c,  c,  whi^cH^iA  not  legal  6ince  - 
*  the  c  appears  twice.  ^  Thus  w^  must  also  incj^emeijt  c,  g:^v.ing  a,  c, 
vi^d.  -Now  ^e  can  agad.n  increment  the  thir^d  'lettser  in  the  'list,  giv- 
a,  c,ie.  and  then  a,  c,  f,-  ' 
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At  .tnlb  point  we  again  •  cannot,  increment*  the  third 
ieti^er  further,  so  we  go  bacjc  and  incranent  thfe  second^  letter 
again,  giving  a',  d,*d,.  This  is  not  legal,  so  we  write  a,  d,  e^ 
Then  a,        f;   incrementing  the  second  letter  again  gives  a,  e,  f/ 

Nqw  we  can  no  longer  increment  the  second  letter;  thus 
we  go  baCK  and  incrsnent  the  first  letter  from'  a-to  b.  Thus  the 
next  v%lue  for  set  1  is  b,  c,  d.  We  get  this  by  having  the 
second  and  third Jletters  as  low  as  possible,  given  that  the  ^ 
le'tter  is  b-.  Following  tfte  same  strategy  of  first'  incrementing 
tne  third  letter  as  much  as  possible  and  then  the 'Second  letter 
gtve^  b,'  c,  e;  b,  c,  f;  b,  d,  e;  b,  d,  f ;  b,  e,  f .  Npw  t*he  first 
letter  must  be  incremented  again  from  b  ^o  c,  ahd  the  second  and 
third  lattera  are  returned  to  their  lowest  values    possible  with 


-first    letter    c.      This  gives  c,  d,  e.     The  remaining  values  for 

•  •  . 

set  1  follow  by  cdfitinuirig  th4.s  strategy,  * 
j      y.  '•  There  are  several  things  to  notice  About'   this  ',way  of 
I    ^    '  •      .listi-W,  the.  divisions .    First,  the  reader  should  convince  himself 
.that  eich  possible  set  of  "three ' letter s  appears  somewhere  as  set 

1  V— *~  .  "  ,  •  ■  t 

^,  1;.    no    possibility  '  has--  been    misse4,  and*  non^  Is  listed  twicei^ 

''  ■  ■  •  •    '        .  ■ 

'tach  set  1  'is  Listed  in  alp'habstical  "or^kaff.     Although  each  set  ? 

"  ■  '    •  ''  *i 

r  •  -   'is     simpj.y'    fhe  letters  not-in  the- corresjjonding  set  5,  the  set  2' 

*^  •*   •  .  •      '  "  » 

list  turns %cut  tjo  be  es&actly  thfe  sawne, 'as  .J&he  s"'et  .1'  list"  i^ead  r-rom 


bottom  to  top.  This  .can  be-  used  as'  a  check  that  the  set  .1  TisT 
nas  been  congtrufcted  correctly.-  •  ] 

-]     This  paragraph,  briefly  indicates  how  the  aixjve"  pr^nci- 

•     •  ■  .  •  /      . ,        ■       '  ,  ■ 

pies  arQ 'used,  to  .construct  lists  of  two  s^ts  of  .f ouj^  latters,  from 

the  eight  letters-  a,  b,.  c,  d,  e,  t ,        h,  •  Again,  onlyx  the  ,-eie- 


1   .  f 


» 
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ments  or  set  1  are  given.*  Start- with  a,  b,  c,  d,  tben  a,  b,  c, 
e.    etc..  h.    Then  increment  the  third  letter,  giving 

•  ^  N 

a,  b,  d,  e.     Then  a,  b,  d,  f,   e-tc,   to  a,  b,   d,   h.       Then,  since 

If  '  ■ 

.'■■>■  ' 

tna    third  letter  can  stili  be  incremented  comes  a,  b,  e,  f,  then 

a,  b,  e,  g,  then  a,  .b,   e,'h.     Contihue  incrementing  the  third  and 

rourt^    lett'e-rs    until    we     nave    a,     bf        h.     Now  increment  the 

secona  letter,  giving  a,  c,  d,  4.   ^Tnen  a,  c,  d,  |,  etc.,     t.o    a,  • 

c,     a,  h*     Then  comes  a,  c,  e,  r,   etc»,  until  finally  we  reach  a, 

** 

c,  g,  n.  /  Then  the  secdhd  letter  is  incremented,  giving  a,  d,  e, 
r.      This    w}u5le    process     continues    until  a,  f ,   g,   h.     Then  tf^e 
first  letter  is  Incremented,  giving  b,  c,  d,   e,   and  the  same  sys--  ^ 
tern    is  \follovjed    until  the  value  -e,  f.,  g,  h  is  f  inally  ^reached. 
This  syi^terff  was  followed  to  create  Table  4. 

.  ^       forfnuld  is  available  telling  the  number    of  possible 
assignments.      If    ther^  are  n  values  in  one  sample,  and  m' in  the 

.  .    \  ■    ■  ' 

other,  With  m  smaller  tnan  or  equal  to  n,  then  there  ar^   •  ) 

•/    (m-^h)Cm-^n-i  r  ;;(n-^2HnH:i)  ' 
m-(m-1)y;(2)(l1 

possible  assignments.     In  t,ne  first -example, /m  =  n  ='3,     and  the- 
tormula    gives  b*5*4/3'ZM  =  ?0,  ^which  is  what'we  tound,*   For  the 
-second  exsmple*in  the  tex't- .  .m  =         4,     And    the    formul£^'  gives 
a;  7 'b*  5/4^  3^2 ^  70 1  agair\  what  we  found.     Fbr  the  car  speed  ex- 

« 

ample  m  =  10,  n  =  12,  and  the  formula  , 


■  '  22*  21 • 20* 1 9* 1 B: 1 1' 16' 1 5 *  14* 1 3  ' 

« 


1 0 • 9 '8  *  7'6*5*^'3'2 *  1 


equals  ^b46,646. 
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All  Possible  Divisian.",  of  a,  b,  c,  d, 
into  two  sets  of  three  each  • 


Assignment     *  •     '  '  Set  1  Set  2 


1  a  .  b  c'  .  d  e  f 

9  a  b  d  c  e  f 

3  a  b  e  ^  c  d  f 

4  ^  a  ^  f  c  d  8 
■  ■    ,      •     5  a  c  d  -                 b  e  f 

6                 •  ace  b  d  f 

■  '       .              *?      .  "  a  c  f  •  b  d  e 

8                  -  a  d  e  b  c  f 

-                   9      -                         _  a  d  f  .  bee 

10                            • '   a  e  f  bed 

'         11                ,    ■  b  c  d  ,  *       .    a  e  f 

'         -12                      .       .     b  c  a  ^  a  a  f 

/    -               .       13  b  c  f  a  d  '  e 

ik               .           .     .  b  - d  i  e  V  a  c  f 


r  f 


15, 


r 


^            •   ■ .    '  \  l6'  '       .          •            b  e  .  f  •    '    a  c  d 

17  '      •  •  .        c  d    e  a  b"  f 

18  G  d    -f  .  a  b  -e 

19  •  '  c  e    f.  "            a  b  d 
'        ..  ■       20  '    •                         d  e     f  '           a  b  c 

y    '  .     '•      .  ■■  .  ,  . 
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GRAPHIC  REPRESENTATION  OF  FRACTIONS 
(Revised  May,  1973) 

by 

Merrill  B.  Goldberg 

Students  are  required  to  work  with  ratios  Dr. fractions  in  many  of 
the  USMES  Units,    They  have  to  compute  cost  per  unit  in  the  Consumer 
Research  Unit,  determine  sepresentatlve  proportioris^ in  Designing  for 
Human  Proportions,  etc.    By  representing  fractid^s  on  graph  paper  or 
pegtioaoi,  in  the  manner  to  be  presented  here,  it  is  possible  to  Uflt 
a  coUecHon  of  several  fractions  in  increasing  brder  thereby  deter- 
mining  the  least  fraction,  the  greatest  fraction,  and  the  median  fractlolb. 
It  should  be  emphasized  that  the  techniques  required  to  represent  a 
fraction  graphically  are  not  is<{lated,    -^The  techniques  hei^e  provide 
early  experience  with  determining  co-ordinates  of  a  point  on  a  graph. 
In  addition,  the  concept  of  ' the  slope  of  a  line  recurs  in  algebra  and 
even  later  in  calciS^s  and  so  although  it  is  easy  enough  to  present 
to'elementary  students,* any  curious  adult  can  learn  from  the  technique.^ 

•While  the  origi\^aL  pTpblem  leading  to  the  techniqu£- was  to. arrange 

\  u 

a  list  *of  fractions  in  increasing  order,  the  graphtc  picture  of  fractions 
provides  insight  into  a  number  of  concepts  retsu^ed  to  the  study  of 
*:J"„^-*Ar,c.    Amo^ife  these  tonccots  to  be  explairttd  hereXarei  '  the  nu 


/  •  ■ 

'  I  r 


£ract*6ns.    Amo^Jfe  these  toncepts  to  be  explairJfrd  hereXarei     the  numerator  . 

'  •        and  aenomiriatoi:  as  two  numbers- tha^t  comprise  a  £ rac tion^e qui va lent  

*      •      'fracEioj^sj^.reduaing-a-fraction  t&  lowest  termsN^^ 

"  '    with  like  denominators;  adding  two  fractions  with  differenjt  denomin^^C^; 

"^-y         •       :  ^ndj  c^mpa'riAg  «twp  f racitions  "to 'determfpe  which -is  larg^  In>additi9n^\ 

K    ^       -to  .presenfing  the  technique,- 1^1  if  include  some  hvp'po^rs  on  p^e-  ^ 
sentlng  it'to  a  class.  '  V,    '  /  > 

"  /  ti\  ba(^t^urtd  p  picturing  fract^ns  is  cither  a  Wet  of  graph 


ERjc    ,  ,        •        .  •     J  y:  ■  •  ■.  . 


paper  or  a  pegboard,    "5lrfu;e  it  will  be  necessary  to  plot  accurate ly ,  ^( 
graph  paper  with    1/2    inch  gri^5"->5^iould  be  used  a^t  first.    In  using 
a  pegboard  (about  3  feet  by  4  feet  in  size)  it  woUld  be  advisable  at 
first  to  use  every  fourth  row  of  holes  as  they  are  spaced  quite  close 
together.  »  Chalk  lines  may  he  dravm  to  indica&e.the  rows  being  used. 
Golf  tees  or  bolts  the  size  of  the  holes  in  the  pegboard  are  used  to 
tnark  the  points  of^|i^teres t#    Students  can  work  individually  on  graph 
paper  and  a  grou]^ '^ojD  students  can  work  on  the  pegboard.     The  dots  on 
the  figures  in  this  paper  correspond  to  holes  in  the  pegboard.  ,  The 
crosses  marked  at  specific  dots  cor^Spond  to  the  placing  of  a  golf 

tee  or  bolt  in  the  corresponding^  Sole.    The  adaptation  tt?  graph  paper 

\  >  •  . 

is  simply  to  place  a  mark  on  the  paper  .instead  of  placing^  a  golf  tee 

in  a  hole  of  the  pegboard.    On  graph  paper,  the  points  ot  Interest 

are  Chc^  points  where  a  horizontal  and  vertical  line  intersect. 

For  a  first  demonsJtration  of  the  technique,  let's  work  with 

fractions  where  the  numerator  and  denominator  are  both  lass  than  or 

equal  to  ten.    Accordingly,  we  can  use  every  f ourth^  ro^w  of  holes  in 

y  f  ■  .  y  '  '       ■  1 

£f  pagboard.     In  Figure  1 ,  j^CAp lot  the  fracrions:     2/5;^3/5;  4/5}  4/65 


^/7}  and  4?8  .    ^The  first  tHi?ee  fr|^tion^  have  the  "same  denominato^ 
(5)  with' the  numerators  increasing,  •  Thus  the  first  three  fractions  * 


are  in  increasing  <Xrder,'  The  lapt  four  f-^actions  Xn  the  list  ha%fe  , 
the  same  nuraerator  (4^  with  the  tlenoihipators  increaslngi,    Thus  the 

.     '      •  ^       -     }  \       L .  •      '  V  . 

last  four 'fractions  aire  in' dScre^sing^de  t.  We  will  see  the^e,  facts 
as  well"  as  IsLthcrs  in  thte  graph,       >  v  x 

■  The  steps  in  ^lottiftV  thi  tractions  on  pegboard  o\  graph^aper 
ar6  as  follows  (see  Figure'!).. 


Rl 


!•     Place  a  golf  tee  in  a  holu  toward  the  lower  le*ft^  corner  of  the 

jgboard.    This  will  be  the  <^origin«'  of  the  graph.    From  this  poiAt 
wewUl  be  counting  UP  and  to  the  RIGHT  ia  order  to  repre|ent  ratios. 


It  will  be  helpful  to  hav6  a  horizontal  number  line  (called  the  "hotl- 
zontal  axie")  and  a  vertical  nXimber  line  X<;a lied  the  "vertical  axi-s") 
.extending  from  the  origin.    The  origin <^d  the  axes  (plural  of  axis) 
are  basic  to  ^ny  graphing  actiVity,    Since'  they  are  nuralJtr^  lines, 
they  can  be  labeled  accordingly  as  shown  in  Figure  1,.  The  "origin" 
is  the  .point  that  is  zero  on  both  number  lines.    Each  hole  in  the 
pegboard  may  now  be  described  in  a  unique  .manner  by  givi«g  its  co- 
ordinates relative  to  the** two  axes.    This  is  dond  b]^  stating  how  many 
holes  to  count  to  the  RIGHT  and  how  many  holes  to  count  UP  from  the 
origin, 

2.    to  represertt  the  fraction    2/5    we  start  «t  the  origin  and  count 
to  the  RIGiff  5  positions  -  to;the  number   5   (for  fifths)  on  the  hori- 
zontal axis.    NeKt|  €ount  UP  2  positions  < the  number  of  fifths). 

'  •  *  . 

Place  a  golf  tec  in  this  hole  which  lis  5  places  to  the 'RIGHT  of  tlfe 
vertical  axis  and. 2  places  UP  from  the  horizontal. axis.    This  golf  tee 
^ust  placed  Is  in  the  position  which  represents  the  fracticm    2/*5  . 
a.    To  represent  l±e  fractioB    3/5    ^ke  again' star ^  counting  from  the 
origin.    Count  UP  3  and  to  the  RIGHT  5    (or  to  the  RICJHT  5"  and  then  • 
tip  3  a§  the/order' does  not  matter).     Plac^  a  golf  tee  in  this  l^ole  to 
represen^^.  3/5  •        "  *  •  • 

4.  ThQ^  other,  fractions!  4/5;  4/6;  4/7;  and  4/8  are  represented-  simi- 
larly as  shown  in  Fl^u^^  '  \       ^  •  1.  ^ 

?{emeii4ber  to.  always  start  -count in|  from  the  drigin.    To  represent 

*  •  *    .  - 

>.a  fraction,  the  "number  on  the  bottom  (the  denomj^atof  of  the  fraction) 


i£i  the  .number  oL'  poiiiLions  to  count  to  thc>  RIGHT.     The  top  iiuniln/  .  . 
\  the  ■numerator  oi  the  Iraction)   is  the  number  of  positions  to  count 
UP.'     It  makes  no  difLerence -whether  wc.  count  t6  the  RIGHT  fir»t  and  . 
then  UP  or  it  wc  count  UP  lirst  and  they  to  the  ItlCUT.     Ah  loft^',  as 

always  count  UP  the  number  of  positions  whic^i  ii5  the  numerato-r  df 
the  iraction  and  we  count  to  -the  .UIGIIT  the  number  of   holes  which  is 
tile  denominator  oi   the  fr^ttion,  we  will  alway^^  arrive  at  the,  r.ame  ' 
position  in  which  to  place  the  goU   tee  to  rcpreticnt  the  iraction. 

To  reason  about  the  numbers .  repres^ented  on  the  graph  it^will  be 
helpCul  to  visualir.c  a  line  segme,nt  connectin^j  the  point  representing, 
the  iraction  with  the  origin.  M'liene  line  se^numts  ,havc '  been'inc ludetl 
fn  Figure  1.    Also  it  is  important  to  label  each  fraction  on  the  i^raph 
or  on  the  peab<Sard.     A  convenient  way  to  label  a  fraction  on  the  pe^^-  ^ 
board  is  to  have  available  several  small  pieces  ot  paper  about  t%,?o 
inchc's  square.     Each  fracCion'to  be  represented  should  be  written  on  _ 
*V  Sheet  of  paper.     Then,  the  paper  is  pierced  at  the  top'ffcrvtcr  by  the 

golf  tee  or  bolt  before  inscrtini^,  it  iti  the  hole That .  way  ,^  each 

*  '  -J  . 

fraction  is  clearly-  represented  on.  Ihc  pcgboard,       -  J 

The  steepncSB  of  -the  lines,  in  figure  1  corfcspoiisls  to,' the  magnl- 

-tude.ot   the  fraction.     The  line  for  the  fra'ction    4/5     is  steeper 

(more  caunter-^clockwise)  than' the  Unfc  for  the  fraction  "  3/5  .  In 

working  with  fractions,  if  .the  denominator' stays  the  same  and.  the  nyraera 

tor  is.  increased,   the  number*  rc^s 40 ted  by  the  ,f  raqtioH  increases. 

.   '  '  /  ■ 

,    This  oorresponks  to  the  fact  that  the  lines  representing    2/5-,  3/5,- 

V  , 

and"  4;5^  increase  in  §tcepness.     If  the  numerator  stays,  the  same  . 
,and  the  denominator  increased,  thcji  the  number  represefvted  by  the'' 
fraction  "decreaBes.     In  f  igure,  1 .  'this  cbxrespCnds  to  ^t^e  facfthat- 


/ 


the  lines  representing    4/5,  4/6 ,  4/7,  and  4/8  decrease  in  steepness* 
This  is  the  key  to  using  the  graph  to  arrange  fractions  in  increasing  ^^jj 


5U 

1  ./ 


V 
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order  or,  more  simply,  to  compare  two  fractions  to  see  which  is  larger. 
The  length 'of  the  li|:ies  in  the  picture  does  not  piatter.    The  important 
point  in  determining  the  size  of  ^he  fraction  is  the  steepness  of  the 

Ijlne.    In  algebra  a^nd  calculus,  this  will  l^e  referred  to  as  the  SLOPE 

*  •  •       • ' 

of  the  line.    Since  slgpe  is  an  important  concept  in  higher  mathematics  \^ 

"       "  .   '         :     .  •  i  '  ■     •  ■; 

and  since  it  is  also  an  intuitive  concept,  it  would  be  beneficial  to 

use  the  terminology  of.  slope  of  tl^  line  r;ather  than  steepness*  To 

^  • 

arrange  the  six  fractions:    2/5;  3/5|  4/5j  4/6;  4/7;  and  4/8  in  in- 
creaslhg  order,  we  need  only  look  at  the  graph  and  list  the  fractions 
"in  the  order  that  corresponds  to  increasing  slope  of  the  lines  repre- 
senting the  fractions.    Lasting  the  fractions  in  increasing  order  from 
smallest  to  largest  we  gets    2/5}  4/8;  4/7}'^/.5j  4/6;  and  4/J5, 

If  pegboavTd  is  used,  there  is  an  interesting  way  to|list  the 
fractions  in  increasing  orders*    Tie  a  loop  in  one  end  of  a  piece  of  ; 
yarn  or  string  and  place  the  loop  over  a  golf  -tee  Inserted  in  the  ^ 
"origin*'.'   The  string  should^be  long  enough,  to  reach  all  the  way  to 
the  top  right  comer  of  the  pegboard.    The  jetting  forms  a  line  segment 
originating  from  the  origin  which  can  be  rotated  to  correspond  to  the 
j^^arious  lines  determiS^Tby'  the  f  ractfoynsW  Star^y^  by  holding  the  string 
on  the  right  so  that  it  lies  along         horizontal  axis..    Rotate  the 
"line  of  strifig"  counter-clockwise  arbiind  t^e  origin  holding  it  closes 
to  the  Surface  of  the  pegboard.    The  first  tee  it  contacts  will  be 

the  sxaallest  fraction  (in  this  case-,  2/5).    Next  pass  the  string  over 

/ 

this  golf  tee  and  continue  ro^^ting  to  determine  the  fi^xt  largest 


fraction.     ContinuijiB        this  manner,  a  collection  of  fractions  r^prc-  . 
sentcd  on  pegboar(Kcan  be  easily  listed  in  i^croasing  order. 

AS  a  means  of  U§tiag  fractions  in  increasing  order,  this  method 
is  quite  useful.         appreciat^  its  usefulness ,  consid^  the  alterna- 
tive methods.  V  Converting  each  fraction  in  the  list  to  a  decimal  equi- 
\valent  can  be  tedious.    Changing  the  fractions  in  the  collection  to  ^ 
equivalent  fractions  with  a  common  denominator  is  also  tedious*  (The 
least  common  denominator  for  the  collection  presented  here  and  in 

Figure  1  is  840.) 

As  ^ntioned  earlier,  many  concepts  of  fractions  can  be  intferpret- 
ted  in  terms  of  the  graphic  representation  outlined  above.    We  have 
already  seen  the  concepts  of  numerator  and  denominator  as  the  two  num- 
bers that  comprise  a  fraction.    The  numerator  is  the^umbfr       steps  , 
"^UP  -  or  the  co-ordinate  relative  to  the  vertical .aKis.    The  denominator 
is  the  co-ordinate  relative  to  the  horizontal  axis]  -  the  number  of 
steps  counted  to  the  RIGIIT  to  locate  the  position  for  the  fraction. 
Fractions  with  the  same  numerator  will  lie  along  a  horizontal  row 
(as  do    4/5;  4/6;  4/7;  and  4/8    in  figure  1).  -Fractions  with  the  same 
denominator  will  lie  along  a  vertical  column  (as  do    2/5;  3/5;  and  . 
4/5  in  figure  1).    We  have  also  already  seen  a  method  for  comparing  , 
t.^  fractions  to  determine  which  is  larger.    In  f^t,  by  looking  at 
the  slopes  of  the  various  lines  representing  the  fractions,  we  can 
ar^fange  a  collect'iori  of  fractionk  in  increasing  order  with  relative 
cas^    The  concept  of  equivalent  fractions  is  particularly.  eas>%  to 


see  iV  th'e  graph. 


Aok- again  at  Figure  1  -  in  particular  at  the  Une-^te^^rmined  by 


i  particuii 
line  from 


the  fraction    4/8.     Follow  the  line  fro*  the  point  which  is    8  RIGHT 

1 


f 


6  /  *^ 

0      '  N 


and    4  UP  back  to  the  .origin.    Notice  ''that  you  pass  through  thrai 

other- dots  on  the  way  back  to  the  ori&in*    These  three  dots  rcprc- 

Si3nt  the  fractions    3/6;  2/4;.  and  1/2,     All\>£  these  points  lie  on 

the  line  joining  the  origin  to  the  point  rc^prcseiit ing  the  f  raction 

4/8    and  so  the  lines  connecting  each  of  these  points  with  the  origin 

have  the  same  slope  as  the  line  for  the  fraction    4/8  •      Indeed  all 

of  the^c  fractions  (3/6;  2/4;  and  1/2)  arc  equivalent  to    4/8   -  i.c* 

the  numbers  they  represent  are  all  equal.     Of  the  four  equivalent  • 

fractions    4/8,  3/6,  2/4,  and  1/2,  the  fraction    1/2    is  distinguished 

by  the  fact  that  bctv;een  the  point  on  the  graph  in  figure  1  which 

represents    172    and  the  origin  tt\prc  are  no  other  points  on  the  line. 

That  is  because  the  fraction    1/2  *  is  in  lowest  terms!     On  Figure  1, 

look  at  the  line  representing  the  fraction    4/6  •     Trace  it  back  to 

the  origin.     It  passes  through^one  c^her  point  -  the  point  that  would 

be  the  fraction    2/3    (3  RIGHT  and  2  UP).    No  further  points  lie  on" 

the  lirtjC  between    2/3    and.  the  origin  because    2/3     is  in  lowest  terras. 

A  quick  check  of  Figure  1  shows  that  all  the  other  fractions  pictured 

(2/5;  3/5;  4/5;  and  4/7)  are  if/^ lowest  terms  because  no  other  points 

(holes  in  the  pegboard)  lie  on  the  line  segment  joining  each  of  these 

,      •       ^  /     ■  ^  .  ' 

points  to  the  origin.  '  ^ 

There  is  likely  to  be  confusion  as  to  what  represents  the  fraction 
the  point  or  the  llne»    tills  corresponds  to  the  idea  that  several 
fractions  can  represent  the  same  number.    For  cx^ple,  the  fractions 
!2/4}  3/61  4/8;>n«i  102/204    are  different  fractions  yet  they  all  repre- 
isent  the  same  number  -  the  nurabei/ usually  expressed  as    1/^  .    If  the 
fVactions  2/4j  3/6j  4/8  aTicKl^27204  were  all,  plotted  with  golf  tees  on 
a  pegboard  (a  large  imaginary  pegboard  to  be  sur^f  102/204  is  to  be 


there!),  they  would  all  lie  on  a  single  .line  radiating  Croin  the 
origin.    This  line  would  pass  through  other  points  in  addition, to 
those  mentioned  and  if  extended  beyond  102/204  would  pass  through 
even  more.    So  iii  essence,  the  "fracti^"  is  the  point\and  thej^ine  . 
radiating  from  thji/arigin  through  this  point  is  the  number.  Each 
point  on  the/Une  has  co-ordinates  (a  pair  of  numbers)  that  specify 
a  fraction. ^Points  on  the  same  line  correspond  to  equivalent  fractions 
whl^h  all  represent  the  same  number.    The  hole  or  dot  on  the  line 

•       ■  c 

which  is  closest  to  the  origin  corresponds  to  the  fraction  which 
expresses -  the  number  In  lowest  .terras.  ^ 

It  is  also  possible  to  demonstrate  the  addition  and  subtraction 
of  fractions  using  this  graphic  repreff^^tatlon.    It  is  exactly  thtj^same,, 
as"  adding  and  subtracting  on  a  number  ^fne.    The  key  here  is  work  on 
a  VERTICAL  1-IUMBER  LH^E,     For  example,  consider  the  problem    1/5  +  2/5  . 
It's  almost  like  adding    l^or'ange  +  2  oranges,  except  instead  of  oranges, 
\«j»re  adding  fifths.     Picture  a  vertical  number  line  parallel  to  the 

» 

vertical  axis  which  is  located  above  the  number  5  (to  indix^te  fifths) 
'  on  the  horizontal  axis.     Sec  Figure  2.    The  fraction    1/5  would 

'  •      •      •  ' 

correspond  to  .the  number  1  on  this  vertical  nurabes  line.    The  fraction 
2/5    would  correspond  to  the  number  2  on  this  number  line.    Adding    1  +  ? 
on-thiS  vertical  number  linc*results  in  the  number f 3  on  this  vertical 
number  "line  (of  Vif fhs)  which  corresponds  td  th^  fraction    ^5    on  the 
graph.  '  As  long  as  the  two  fractions  to  be  added  liave/ the  same  donomina- 

♦ 

tor,  they  wil^  §e  represented  by  points  on  Uic  graph  which  are  on  the 
•same  vesical  number  line..  -They  then  may  be  kS«cd  on  %l^c  vertical  number 
line.    Subtraction  is  similarly  carried  but  as  subtraction  on  a  vertical 
nurabct  line,  ^ 


R1--9 


Addition  and  subtraction  of  fractions  with  different  denominators 
is  also  easily  pictured  on  the  graph.    Again  the  key  is  to  perform  the 
addition  or  subtraction  on  a  vertical  number  line.    Fo^ example,  consider 
the  probleia    1/4  4-  1/2  .      Recall  that  the  point  which  is    2  RIGHT  and-. 
.  1  UP  represents  the  frac,tion    1/2    while  the  ^•number  1/2"  is  represented 
by  a  line  radiating  from  the  origin  throu-gh  the  point  representing    1/2  . 
All^  points  on  this  line'  segment  are  equivalent  fractions  which  represent 

the  same  number  as  the  fraction    1/2  •    .Since  addition  must  take  place  \^ 

v      "  .      ■    '  , 

^       •  *  ■• 

*   on  a  vertical  number  line,  the  required  process  is  to  find  a  vertical  . 
number  line  on  which  the  numberf    1/4    and    1/2    arc  both  conveniently 
N^prcsentcd.  ^xtend  the  line  from  th^  origin  through  the.  point  ropre-  * 
seating  tht  fraction    1/2    as  shown  in  Figure  3»    It  passes  through  a 
point  on  the  vertical  number  line  which  would  be  above  the  4  -  indicating  .* 
.  fourths.    The  ftactioh,  2/4    Is  equivalent  to  the  fraction'  1/2,  Since 
the  fractions    1/4    and    274    ace  on  the  same  "vertical  numbet  line»», 

the  addition  can  take  place  on  the  vertical  number'  iine  corresponding 

-  *     '        '  ■  '  •      ^         ■  ■  I.     ■  * 

to  foui;ths  to  give  the  sum;     1/4  +^1/2  =  3/4  •  L  ,     y         %  , 

■  ^    AS  a  fuirther  demonstration  6t  the  addition  of  -fractions |  consider 

(        the  problem    1/3  +  1/2  ,     This  problem  is  shown  in  Figure  4  and  is       ,  , 

briefly  described  as  follows.    The  fractions    1/3  >aTf!r^l/2    ai:e  not^ 

'  -   ^         on  the  same  vertical  number  Jine  and  so  must  be  reloqated  on  a  common  ^ 

vfertical  number  line  in  order  to  be  added;  -  Extending  the  lines  radiating 
/  ' 

from  the  origin  through  each  of  these"  two  fractio^^  it  is  found  that 
^         each  has  an  equivalent  f  rac£ioiwwhich  is'  represented  by  a  point  on 

vertical  number  line  extending  up  fjrqm  the  6  on  the  horizontal  axis. 

^  •         •      \  ■  v    '  ' 

The  fraction    1/2    is  equivalent  to  the  fraction    3/%^  locateB.  on  this 
vertical  number  line.    The  -fraction    1/3    is^quivalent.  to  the^  fraction 

ERIC  ,       .  .      .     \    »  .  '  V         ,  . 
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2/6     locat<;d  on  this  vertical  number  line.     The  addition  of  2  and 

3  on  the  vertical  number  line  for  sixths  yields  a  sum  of     5/6^ for 

^  " 
the  problem    1/2  4-  1/3  .     Finally,  drawing  a  line  back  from    5/6  to 

the  origin,  no  other  points  (holes  in  the  pegboard)  are  encountered. 

So  the  fraction    5/6     is  in  lowest  terms. 

^  To  demonstrate  the  .power  of  a  graphic  Representation  of  fractions-, 

consider  the  problem  of  arranging  the  fol lox^in^  f tactions  in  increasing 

brder  to  enable  r|uiiii]  iiUjil^hr  median.  .The  seven  fractions  to  be  considered^ 

are:     24/32;  23/25;  25/35;  25/23;  28/33;  24/30;  and  20/28.    Recall  tha\ 

the  median  is  tffte  one  in  the  middl^  when  the  list  has  been  arranged  , 

in  increasing  ordor.     Since  there  are  seven  fractions,  the  median  ^>?ill 

S    1)0  the  fourth  one  in  the,  fiat  vihen  wc  have  arranged  them  in  increasing 

^        order.    The  lov^st  common  dcnomi^tor  for  the  seven  fractions  stated 

above  is  2,833,6UQ.  and  so  the  method  of  graphical iy^representing  the 

fr^^^tiens  I's  definitely  easier  than  the  routine  process  o^changlng  • 

*  jU"^  fractions,  to  equivalent  firactions  with  a  cdbmori  denominator! 

C     I   The  first  sfcep  in' listing  the  fraW:4^j»fi  In  increasing  ordcTv  is  ^o 

•A  *  '  ' 

graph  them.    This  is  done  by  first  establishing  an  origin  in  tii«  lovicr 
left  comer  apd  noting  a  liorizontal.  arid  vertical  axis.    Th*  fraction  -» 

V.       '    ■  "     V  '  ■ 

22^32     1^  rcprcsqnted  by  the  position  wh^jpii  is    32  RIGHT  Vmd^  24*  {HP, 

The  remaining  six  f raction^ar^repreSent«d  similarly  as  sho^ln%igjire 

5,    The  lines  radiating  from  the  origin  to  each  of  'the  points  fir  the " 

fractions,  hav^  bui'n  >shown.    Arranging  these  lines  accordir^  to  increasing 

^  slope  a^range's^he  f  raceiqns  in  increasirL  order.    As  'shovm  in  l-'igure  5, 

the,  lines' for  20/28  and  25/35  have  the  same  slope  and*so  ropres(?,fit  €^.qui-  ^ 

^  valent  fractions /(the  same  dumber) . .  US'ing  the  symbol    <    to  denote  "is 

^     "  ¥cCs  fehan",  the ^fcract ions  ajcran^ed  \n  ordgr  arei.    2"0/.28      25/35  <  24/32 

(        <f  24/30<  28/33  <  23>^  <  25/23':    The  order  of  listing  20/28  snd  25/3^ 
'    '  ' .      '■  '      .  >  '  '     •  ' ' 


*   r        •'  .        Ri-u  • 

could  be  reversed  since  the  nui^bers  represented  \>y  these  two  fractions 
are  equal*    Counting  over  to  the- fourth  fraction  in  the  list  determines 
that  the  median  is    24/30  •     As  a  check  on  this  method  we  coUld^change 
each  . fraction  into  an  equivalent  fraction  expressed  In  terms  of  the 
lowest^ conanon  denotninfitor;    2,833,600       but  that  seems  an  unwieldy 

4 

and  thankless  taski    Alternately,  we  could  express  each  fraction  in  ^ 

■     ■      '     '  ■  ^  s  .    .    ■  - 

terms,  of  a  decimal  t(y  chack  our  ordering,    Coi^iputation  gives  the  follovx- 

,   .         •  ^-     .  ■ 

ings    -20/28  ^  ,714}  25/35  =  .714;  24/32  =  .750j  28/33  =  .848}  ^3/25  =,  .920 

and  25/23  ^  1,087  •     Thi^B^  the  ordaring  found  by  graphing  is  ^oVrect, 

^  in  conc^lusion,  a  few  hints  and  warnings  regarding  the  graphic  rcpre- . 

sentation  of  fractions Accuracy  of  plotting  is  essential,  espe^4a)lly 

when  desiring  to  reduce  to  lowest  terras.    Accuracy ^is  increased  by 

working  on  a  larger  .scale,  as  with  1/Z  inch  graph  pA^^er  or  using  every 

fourth  row  of  holes  in  the  pcgbpard.    Golf  tees  are  cheap  and  convenient 

to  use,  but,  frequently  wobble  around  in  tie  pegboard.    Bolts  or  large 

screws  the  same  -sial^iameter  as  the  holes  In*  the  *pcgboard  will  fit  / 

mor^^^secureIy♦•  fie  sure  to  label  the  fractions  as  they  are  plotted. 

On  the  pegboard  thiis  may  be  achieved  by  writing  the  fraction  on  a  small 

« 

piece  of  paper  wh"i&i  is  then  pierced  by  the  golf  tee  (or  bolt)  and  > 
mounted  on  the  pegboard  at  the  appropriate  spot.    If  yfeu  wis^h  to  check 
that  a  niuab^r  of  fractions  have  been  correctly  placed  on  the  graph,  it 
is  more  quickly  dona  by  noting  that  all  fractions  in  a  horizontal  row 
will  have  the  saa^  nun^^atoy  ^the  nunjerator  is  given  by  t^  co-ordinate  ^ 

along  t;h^  verticat  axis)  while  all  the?  fractions  in  a  vertical  colutim 

-  ^ 

will  have  tlie  saaje  denominator.    Rather  than  checking  each  fractiori 
individually,  dimply  check  each  horiz-ontal  rqw  for  the  correct  nuinera- 
tor  and  then  check  each  vertical  column  foV  the  cojrrect  denominator. 


■      -    i  .  ■'    ■       •  •   ■  ,  . 

Pieces  of  yam  or  string  are  ^  great  he4p  in  visualizing  the  lino 

*  f       *       '  "    ,  '    '  '  '  ' 

segments  of  interestt     By  tying  a  Ibop  in  one  end  and  hooking  it'  over 

the  golf  tee  at  the  origin,  the  string  can  be  stretched  to. form -a  line 

-♦hich  can  then  be  rotated  counter-tflockwis'c  to  list,  f  ractiansXin  in- 

creasing  order.    Also,  a  strifiG  may  facilitate  visualiss^ing  thc^vertical 

number  lines  on  whfch  addition  and  subtraction  arc  t»  take  place.^ 

final  i?ord  of  warning  antJ  eacodrageracnt.     Spnie  df  thc^ri^hmetic 

px^rformed  by.  these  laethods  will  lack  total  accuracy  as  a  result  of  the 

thickness  of  the  holes,  string,  golf  tecs,  etc, , however,  there  should 

II 

not  be  any  gross  inaccuracy  and  the  results  should  always  be  approxi- 
mately corrects    The-model  of  representing  fractions  on  a  graph  is 
quite  "faithful*'  and  so  mudh  pan  be  leanyjd  by  students  formulating 
theories  and  testing  them.    The  experience  of  working  with  a  graph  and 
learning  a  few  words  of  terminology  such*  ^  hori^sontal  axis,  vertical 
axis^  or«lgin,  co-ordinates,  and  slope' will  be  extremely  beneficial  in 
later  years. 
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Klgute  1  shows  the  origin  in  the  lower  left  corner,  the  .horizoTital  number 
line  called  the  horizontal- axis ,  and  the  verticaL  nmpber  line  cilrtd  the 
vertical  axis^.     The  fraction    2/5     is  shown  as  the  point  which  isylocatcd 
5  ••RIGH'J    and'    2  UP     from  the  orlj^in.     The  line  t'hrough  this  goinjf  and  the 
igin  represents  the  number     2/5  ,     Other  fractions  shown  are:     3/5;  4/5; 


or 


4/6;  4/7    and    4/«  . 
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Figure  2 
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Figure  2  demonst'rates  how  factions  i*ith  the  same  denominator  are  added 
*  on  a  vertical  number  line.     Here  th^probletn    1/5  +  2/5  -  3/5     is  shown 
as  addition  dlong^the  vertical  nu}?6er  line  of  fifths  shown  as  a  btoken 


1  inc . 


/ 


5  .  O' 


C 


Rl-15 


8 


0 


I  • 


0 


figure  3 
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Figure  3  demonstrates  how  fractions  with  di^ffe^nt  denominators  are 
added  -  again  along  a  vertical  number  line.     Here  the  addition  ,of 
1/2  +  1/4  =  3/4    'is  shown  as  addition  along  the  vertical  number  lim^ 
of  fourths  s«howti  as  a  broken  line.   ^Notc'that  the  addition  could  have 
taken  place  on  a  vertical'  fmnibe^  line  of  eighths  to  give  the  result 
6/8  which  then  passes  through  the  poinl  for,  the  fractioji  3/4^ 


581 


'5/6 


\ 


'3/6 


1/2 


1/3 


^2/6 


■J 


0 


2- 


6 


Figure  4  deinonstrates  the  addition  of    *l/2  +  1/3      5/6  taking 

•  *    *  '  ' 

as  additiOTi  on' the  vertical  number  liVie  of  "Sixths  (^^owii  as  a 
line).      •  .  ^1  <  ^  

'  ■    _  '  •  .:  >  ' 
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Figure  5 


0 

J 


Figure  5  shows  how  the  method  of  •  representiiig"  fl^actioug  on  a  graph^aids  in 

*■  -    ,  *  /  , 

afranciug  the  fractions  iiuJ-Hereising  order.     By  noting  the  slopes!  of  ttnies, 

see/    "20/28  -  25/35  •<:^4/3'2  <  24/3^  <  28/33  <  23/25  <^  25/2^  .     Therefore  " 


we 

thS~^cdian  of  these  seven  f  ractions^  is     24/3G  . 
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The  relative  value,  of  ratids  is  important  Inforination  in  many  in-- 
vestigations. .  For  instance,  the  children* may  want  to  find  answers  to  the 


.  / 
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following  questipns.  ,  "  ' 

Deseribing  People  Unit  -  "What  is  the  ifiediah  ratio  of  ^ 
s    ^     trunk  length  to  leg  length'  for  12^year  old  children? 1 • 
for  7-year  olds?"    How  do^  they  differ  for. the  two  ages? 
•  *"  *    '  *  • 

nice  Design  Unit  -  "How  do  the*  ratios  of  median  (or  quar--  ^ 
tile  range)  to  sample  size  pompare  foi^  samples  of  10  ^and 
40*,tos8es?"  '  -^^^  '  . 

4  Cbrisumer  ResearC\Unlt      "How  dp  prices  per  leri^th  (volume, 
weight)  compare  for  different  brands  of  a  product?"  > 

Traffic  Interchange , Unit ^- '"How  does  the  straightness  of 
one  curve  measured  in  feet  per  degree  tumipg  cctapare  jto 
the  straightness  of  Another  curve?" 


This  paper  describes  a  technlque^y^  which  ratios  ^can  be  dompared  "  • 
to  each  other  slipply  by  drifMtiSkg  to  Bcale.    Jhls  avoids  division  in 

■  ■ '   I  '_>■-    ■  •  ■  ' ,  . 

which  only  a  minortt^  ot  elementary  school  children  ar^,  skilled;    We  note 
however    hat  wi\^n  children  arevleaAing  to  divide  or  are  comparing  dlffeirent 
,   fractions  this ■  t^hnlque  can  al^  be  used  as^a  representation  so  that'*' they 
can  better  understand  such  statements  as  2  >    3**  / 

♦  The  general  approach  is  to  first  "pictur^e"  th|e '•ratio  as  iridloated  in  • 

figure  1.    To  represent  the.ratno  7_.ioT  Instance^  the  child-  draws  a-hori- 

■       '    i  '  . '  .9  '  •   '  *  . 

zontal  line  9  unrt;^s  long  (inches,  ce"ntinietei;s  or  any  tonvenlent  choice)  frow 

*Wh^n  children  peVform  division  so  as  to^ convert  Y^^ctions  ^into  decimal  frac-^ 
tions,  the  latter  can  be  direptly  compared  for  size.'  This  will  corxfi^:m  for 
t)ite  studMit ^ the  "resultf^  obtained  from  drawing  the  triangle^. •   For  instance, 

^2/5  ^  0.4  and  3/8  =  0.375.  ,  As  the^  first  non-2aro  digft  is  4  in  the  case  of 


2/5  and  3  in  the  case  of  3/8^  the  fir^t  number  is  bigger. 
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point  A  and  from  its  end  a  vertical  lljrie  7  units  long.     (This  may^       done  ,  , 

♦N't  .  « 

on  graph  paper  perhaps  1/2*'  "^ijuares,  eliminating  the  need  for  measurement 
or  for  making  a  right  angle.)     The  direction  of  the  hypotenuse  from  the  / 

.    .  r    '  -  . 

left  hand  comer  as  shown  by'  the. arrow,  represents  the  r^tlo. 
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•  Fig.  1  • 

There  is'  usually  no  peed  for  thi  child  to  measui;^  the  angle  in  any  vay,^ 

. 

If  another  ratio  that  is  bigger,  ta^  so  c<rflS^ructed  ISroia  A,  say^^Lf  then  the 

diT^ctioa  of  the  hypqteRiise  will,,  be  to  the  more  vertical  than  ^that 'of  the 

\  previous  case, , as  shown  in  figure  2.     If  the  ratio  is  smaller,  say  3^,  ^hen 
'  ^        ^  -  .  i  *  5  * 

the  direction' will  be  less  vertical  as  also  shown  in  figure  2.     If  Che  ratio 

^    is  the  same  as  the  last,  such  , as  _6,  then  the  direction  will  be  the  same. 

This  Is  shown  -In  figure  3.  . 
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Fig.  3 

A  child  can  be  introduced  to  ;this  concept  by  donstructing  the  triangles 
for  several  simple  ratios  that  he  knows  to  be  equal^ larger  or  smaller,.  For 


instance,  evijn  in  the  .primary  gra4^s  most  children  will  be  familiar  with  the 

fact  that  ^  is  the  same  as  j^, 'and  that/'l^  is  bigger  than  1^  but  smaller  thant 

4  '      ^    -2  2  \    '    ^  *  ■ 

1  <0r  _!).     Tjie  child's  drawing  (see.  Fig.  4)  woul^Mllustrate  how  the  " 

1  4'  "  .       *  *  «  . 

direction 'O/  the  hypotenuse  tells* him  whether  one  ratio  Is  bigger,^  smaller 

/  ■ 

-or  equal  to  ^another.'  /  .  ,   .  ^ 
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'V     'The  children  can  practice  with  as, many  different  ratios  as  they  like 
"Tmtil  they  are  convin'ded  that  ratios  they  know  to  be  equal  give  .the  same  # 
^  direction,  etp-  \     .  .  * 

Applications  to  "Describing  People"       '  "  ) 

How  much  alikff  ar^  fifth  graders  in  the  r^tlo  of  trunk  length, to  leg. 
length?    This  question  may  arise  when-  considering  the  design  of  dresses  or 
suits p  or  it  may  c^^  i4p  in  deciding  what  "long^leggedV  implies  in  that 
*  age  groups  ->How  dores^^his  ratio  fox  fifth  graders  compare  with  the  same 
ratio  for  first  graders  or  for  adults?  .  . 

*  These  questions  can  be  ^swered  by  the  above  triangle-  diagrams  witliout 

any  angular  measurements.  For  this  particular  case  one  can  take  advantage 
of  the  fact  that  a  person  can  sit  on  the  floor  with  legs  extended  and  back 

/^Mp  against ithe  wall,  thus  making  the  triangle  diagram.     The  direction  from 

^'  ' 
ft 

his  heeds  to  the  tbp  of  his'  shoulders  (Hottonf  of  his  neck)  represents  the 
ratio  oF  trunk  length  to  teg  lepgth  as  shown  in  figure  5. 

•  •  • 

#  • 


•     ,  .  :  Fig.  5         J         .  .  . 

The  younger  children  could  take  a  large  piece  of  cardboard,  put  it  agai^ 

^  '  I 

the  side  of  a  child  sitting  dfawn  as  abo^e,  arid  with  a  yardstick  draw  an  arrow 

from  heels  to  neck.     The  older  or  more  skilled' child  can  measure  tb^  two  "  , 


lengths  and  then  draw  them  to  s^le  on  graph  paper,--  Even  in  1:he  latter  case 
.the  comparison,  of  ^he  "live#case  with  the  scale  drawings  will  reinforce  the 


observation  that  the,  hypotenuse  direction  is  the  same.  Of  course  the 
measurements  can  be  made  standing  dp  once  the  coitisj^ept  is  clear.  • 


When  the  .ratio  is  taken  €0X9  beV'  eleven   children  and  all  the  tri- 

angles  drawn^  from  the  s^ine  point  A,  the  r^e'sult  will  look  something  like. 

figu|re*  6,     The  median  cap  be  found  and  ^so  the  quart  lies.     Onfe  can  eaBilx 

identify  either  the  total  range  (largest  to  smallest  ratio)  or  the  quartile 

V 

*  range.'     If  "they  are  designing  clothes  then  the  median  will  tell  them  the 
best  ratio  of  jacket  to  pants  length,  and  the  ranges  will  indicate  how 

impartant  it  will  .be  to  have  special*  sizes  f6r  long-legged*  or  short-legged 

>        '        \  ^ 

peopled.  If  they  are  describing  someone  to  be  identified  in  a  crowd  then.- 
they  could  call  those  above  the  3rd  quartile  "short-legge^'*  and  those  below 

the  1st  quartile  '*long-legged. "  .  ^  - 

'  ' '  '  ,  •  ■ 

On  t;l>e  other  hand,  ^tl^ question  may  be  one  coticeifning  growth.  Do 
these  ratios  tend  to  differ  in  on  .adult  from^  qhild?    To  answer  thls^  they 
could  make  a  similar  graph  ^or    eleven  adults  and  supei^impose  iX  o\i  the 

a 

above  graph.     (Perhaps  they  would"  make  thp  second  graph  on  a  t,tanspareticy 
using  collared  lines.    .       The  results  might  be  something  like  figure  ?• 
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Fig.  7 

'    They  could  observe  that  the  median  direction  for.  adults  is  more  vertical 

'  .  ■  '     'i.         •    ■  «  '  - 

than  that  for  children,  that  is'adul'-ts  are  relatively  shorter  legged^  They 

*  • 

may  indeed  find  that  the  first  quartile  Id^  a4ults  i-s  more  vertical  or  about 
the  jjame  direction  as  thp. third  quartile  for  childreA;  which  implies  that 
there  is  in  general,  a  difference  between  adul-ts  and  children  in  that  rospect 
and  not  just  a  chance  variation  In  the  two  sample  sets.  ; 

Other 'ratios  can  be  compared  by  tKc  same  method;  for  example,  the  ratio 
of  wrist  circumference  to  arm  length  for  different  cliildren.     The  children 
might,  discuss  which  ifie^urement  shoLg-d  be  shown  on  the  vertical  J-ine .     It  doesji't 
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■  ■  ,  •  •  •  •  ■   ■    ■■  •       •.'     .•  / 

e  any  difference  ag  .long  as.  they  are , consistent .     The  dnWaning  of*the 


tke^  childreti . 


(flrection  ^  the  hyp^enuse  shoul4  also  bJi  discussed  with) 
In  figure*  8  the  steeper  line  represents  children- with  shQi:*t  fat  arms. 


■  •  I 


while'ln  figure  9^ the  stepper  line  represents  children  with  V^ng  thin 


arms. 
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Jf  the  directions       not  difffer^much  then  the  children  would  know  that 
one  ratio  could  be  used  in  making  shirt  sleeves  and  that  only  the  arm  lepgth 


would  have  to  be  specified  as  part!  olJ^^s^ze. 


r 


ERLC 


'  USMES ^  ^ 
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MAKING  USING  A  SCALE  DRAWING 


^rqfassor  Earle  Lomon 


by  .  .  -   •  *  ' 


.  ^  El 

\  (. 

'  '  Challenged  To  improve  their  school  lunAir/om  aftd  Its  ^tjseT^tudents 

will  suggest  rearrkngl^ments  ot  the  equipment- in  the  roo^g^^^.^fgyin^  l^bles 
dining  tables  arjd  benches  oT'kek^'£^'^*^if^'i^'%sk&^  B3\i*^o  on.   ,This  may  be 

■  : 

coupled  with  si^gge^ions  ^or  different  traffic  patterns  involving  chaj^ges  in 
entjiance  and  exit,  aisles,  waiting  line  positron  and  such  things  as 'the  num- 
ber^seJated  at  a"  table.  'These  ate  all  vfery  impbrtant'things  to  consider 
changing,  but  difficult  to  test  over  and  over  agau  in  the  actual  luiichroom. 

If  the  students  are  asked  for  suggestions  as  to  how  they  may  com'-*^ 
p^re  suggested  changes  in  order  to  select  the  bpst  for  actual  try-^out,  they^ 
arfe  likely  tp  offer  to  make ,  drawings  or^iMdels,    They  may  want  ,to  make  a 
large--9cale  model  with  movable,  pieces  so  that  several  beople  can  design 
different  arrangements •    When  each  arrangement  is  complete,  it  can  jje  copied 
onto  a  smaller  scale  drawing  to  keep  a§  a  record -for  fut^^e . cpmparJsons, 
and^for  a  few  arrangements,  as  a  plan*  to  follow  in  reaxrr^ging  lukchpoom 
itself.     "   ^  '       ^  .  '  •  *  • 

Measurement: 

*    To  mak^  a  scale  layout  one. must  startj^  with  measurements  of  all  the 
relevant  objects.'  Guesses  back  in  tbe  clasaroom  can  be  in  error  enough  Jto 
spoil  conjectured  arrarigementS'.     The  class  should  be  asked  to  make  a  list 
of  things  they  need  -  to  measure.  -  Tbery  will  usually  ihix^  right  away  of  the 

length  and  width  of  the  room  and  the.  tables.     The  measuring  ^roup  ma^  notice 

.      \  '  ■       '  ' 

qCher  things  when  in.  the  lunchroom  making- their  measurements.     Among  these. 


1^  not- already  dlstXc}, 'toay  l^e'  ttie  length  Snd  width  of  benches^the.  diameter  *  ^ 

^  ^  .  '   , . '       '        ^  '  •  :     #  .    ^ .  ^  • 

of  •  ttash'cans,  the  width  of  doprs,  and*  the  dimenslrons  of .  any  fixed- servfn^ 

•  •  a  .  -  '    '  "1      •  •    ^  ■ '  .  .  '  - 

^ea\such  as  large  cofinTers.  v   '         ^       >  I 

Wh^n  using*  th^ir  Scale  layout  the  chllcjfen  m^^fitid  that  they  need 

some' more  measurements^    Perhaps  they"  forgot  to  measure  how  far  the  doors    ,  • 

were  .^ong  the  wall,^  tfte  distance  between  benches  and  table,  pi^  the  width 

needed  between  benches  for  comfortable  passage.    A  few  ^t;udents  can  return 

to  get  those  laeasureiMnts.  ♦        ^     '  ^  ^  \ 

^  In  measuring  they  will  probably  use  a  yardstick  j[meter  stick)*  and 

report  their  results  in  yards  and  inches  (meters  and  centimeters).  More 

f  ^ 
than  one  student  should  jtieasure  each  thltig,  atid  their;  results  ahould  be 

compared.     When  two  results  are^irW  clpse  (say  within  12  inches  ot  . 

each  o^er  for  the  I'ength  'of  the  room/  and  within  an  inch  for  the  width 

of  a  tablfeJl^  thefir  difference  represents  the  limitatioiis  ori^  measurement  ^ 

accur^y  with  the  tools  at  hand  and  the  akHl  of  the  experimenter^  From 

several  such  measurements  one  gets*  a  womt,  likely  choice  by  taking  ^he  average 

Ni  '  '  ■  \  /  ■ 

of  the  median.    The  median^is  by  fa^  easier  as  it  is  slmpljt^the  middle  measure 
ment  when  they  are  arr&nged  in  order  of  size.         f  ive  ^easureme^its  of  ^  the 
width  of  the  h-oom  turn  out  to  be,  in  ihcreasir>g  order, 

•  9  yd.,  32  in.   (9  m.C)         .  ' 

t  9  x.d.,  v34  in.   (9  m. ,  5  cm. ) 

•  •  .  * 

j  ^      /'  10  yd. ,    1  in.  (9  m. ,  12  cuf.)^ 

.0  yd. ,    2  in.  (9  m. ,  15  cm. ) 

yd. .    5  in.  (9  m. ,  22  cm.^, 

the  median  is  the' thi^  one,  10  yd.,  1  in.   (9  m. ,  12~]:m.  ).    The  average  in 

this  case  is  10  yd.,-  A  in.   (9  ui.  ,  11  cm.)  which  is  not 'significantly  different 


*Metri'c\jnit  measurenients  are  provided  in  parentheses  after. fcaglish  unit 
ffleasyrenents  so  that  scaling  can  be  dgne  in  the  metric  syatifc  if  meter  sticks 
are  avaijlable.  -  ,  ^ 

5'j2    "  ■ 
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within  tke  afchievable  accuracyy    If  four  measuremenCte  had  been  made  one 
could  choose  either  the,  second  or  third,  or  take  an  average  ;of  the- second 
or  t^ird.     It  is  far  easier  to  take  an  average  of  only  |:w6  ^easuremetvts  (It 
irf  the  hinder  "ift  the^-^lddle"  between  t'^e-  two  and  can  be  reasonably  guessed 
at  ,  especially*  on  a  nundber  line)'  than  af  thre^  pr  iwre.  ^ 
^'  '        ^  Sotaetimes  one  of  the  taeasuremettts  is  far  different  from  the  others. 
For  instance,  if  a  sixth  n^asurement  of  the  above  width  of  the  room  had  come 
out  9  :^d.,  2  in.  (8  m.",  25  cmO,  this  is  likely  to  have"  resulted  frqjn  a 
gross  6rror  such  as  missing  a  coij^  on  the  mmber  of  tin^s  the  yardstick 
(meter  sticjc)  was  moved  over,  or  Having  it  over  to  the  wrdng  place-4it^n  dis-  . 
tracted.     Such  gross^i^^^r  measurements  should  be  discarded  and  not  .included 
in  finding  the,  median  or  average.  ^  Enough  measurements  need  tor^  be  taken  to 
sqe  which  cluster  together  and  ^ich  are  grossly  different. 

'    '       In  order  not  to  work  too  hard  one  should  have  some  idea  of  the 
accuracy  needed  for  design  purpose.    An  error  of  6  in.  (15  cm.)  in  the  length 
of  a  room,  when  dia/ribirted .between  ten  aisles  between  tables  only  makes  an  ^ 
error  of  about  1/2  inch  (1  1/2  cm.)  per  aisle, "which  won't  make  very  much 
difference  to  the  passage  of  people:    But  an  erxor  of  2  in*  (5  cfa. )  on  the 
width  of  tables  may  cut  down  actual  aisle  space  By  those  2  in.   (5  cm.)  which 
may  be  uncomfortable. 

Constructing  the'  large  scale  model; 

It  would  be  convenient  for  the  students  working  on  the  layout  to 

0- 

have  the  layout  on  a  table  of  about  3  ft\  X  5  ft.  (1  m.  x  1  m, ,  60  cm.).  If 

*   '      -  .-^ 
.so,  it  is  very  likely  that  a  convenient  sc^le  may  be  about  3  in,  per  yard 

(10  cm.  per  meter).    If  the  lunchroom  is,  say  30  ft.  x  50  ft.   (9.  m.  x  15  m."), 

then  a  piece' of  heavy  cardboard  of  about  34  in.  x'55  in.  (95  cm.  x  155  cm.) 

would  be  suitable.    If  its  comers  are  square,-  then  it  can  be  marked  .of f  in 
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IncSp  along  the  edges.  ^Parallel  lines  can' then  be  drawn  fro4  edge  to  edge 

'    .  .    *       '  '       '      !         .  .  '       .  , 

tch  mark  off  the  boair'd  In  squares.    EVery  three  incfies  (10  cm. )>  could  he 

'  V'  .   ■  "  •  •    -  .        ' ' '  ■  ■    • '  :    •  ' .  y 

^Ined  off  and  each  square-  would  represent  a  yard  by  a  yard  (a'  meter  by  a 
meter)  iti  the  actual  lunchroom.  ^  / 

The  markings  on  eacS  ,e^i&  will  be  connected  by  a  lin^  drq««m  against 
*  •     '         *  *       •    .  •  ' 

the  edge  of  a  yardstick  (meter  stick),  but  the  board  is  too  l^crtig  for  the  ykrd- 

st^ck  (meter  stick)  to  reach  the  length  of  55  inches  (155  cm.).     One  must  ^ 

also  .make  three  inch  marks  across  the  width  from,  say  the.  30  ifich  (80  cm.) 

mark  on  one  lon^  side  to  the  30  inch  (80  cm. ). mark  on  the" other  long  side. 

^This  will  give  intermediate  polijjts  along  the -lengthjof  the  paper  which  'can  be 

connected  to  points  on  either  far  end.  ; 

'    ■•   \  '  ■  ,  ■  ■ 

The  lines  will  conffi  out  at  a« slant  if  the  board  itself  did  not  have 
square  comers.  The  comers  should  he  checked  before  beginning  with  a  right- 
angles  plastic  triangle,  or  at  least  with  the  comer  of  a  large  note  pad. 

The  students  can  then  mark  off  4.1nes  for  the  two  outside  walls* at 
right  angles  tti  .each  otherr'  tVo.  Inches  (5  cm,),  in  from  one  side,  and  an  adja- 
cent  side.    The  other  two  walls  are'  then  matked  off  at  the  correct  distance 
from  the  first  two.    From  there*  walls-,  doprs  and  so    on  can  be  marked  in  , 
according  to  their  measui:eii»nts .    ?rhe  lines,  on  the  cardboard  will  give  them 
positions  to  the  nearest  yaiid  (meter).    When  scaling  fractions  of  a  yard» 
the  children  will  obtain  some  priictice  in  division i*'  Eighteen  inches  is  half 
a  yard  and  so  will  become  one  and  one  half  inches  to  scale;    Nine  inche's  *is 
a  fourth  of  a  yard  and  so  will  become  three  quarters  of  an  inch  to  scale, 
and  so  on.    They  may  use  dividers  and  trial  and  error  to  divide  to  thirds 

t 

and  other  divisions  not  on  their'^rulers. 

All. the  fixed  disfances,  walls,  doors,  pipes,  immovable  furniture, 
■^etc.  shouldf  hf  drawn  to  scale.    The  movable  parts,  sucH  as  desks,  benches  and 


trash  cans  should  be  cut  to  scale  In  i>lan  view  out  6f  lighter  cardtioard.  » 
There  is  no  need  to  make  S-dlnensional  mpdels  of  the  f unx,iture„  •  ds  they  will^ 
not,  be  arraa^ging  fmy  things  rin  the  vertical.    If  benches  areu-partly  undei:  , 
tables^  the  cardboard  rectangles  for  the  benches  cki  be -slipped  J^artly  under 
the  large  cardloard  tabile  rectangles*    Making  3--diii^nsional  models  takes^  a 
lot  of  tln^  which  would  only  slow  down,  the  lunchroon  investigation. 

The  students  can  now  lay  out  the  pieces  according  to  their  ideas, 

ff  •  ■       \  - 

making  sure  the  aisles  are  wide"  enough  and  that  doors  are.  not  blocked.  They 
may  watt^  Vo  put  "people  pieces"  (about  one  inch  diameter  circles), bn 
the  benches  or  marching  down  the  aisles.    They  may  combine  their  timing 
measurements  with  this  layout  also.    They  can  see  how  the  queue  forms  as 

i 

arrivials  cosae  in  at  a  certalii  rate  ^and  by  inoving  "people  pieces"  around 

If  the  students  may  get  into  each  other* s  way.      When  they  have  one  set-up^^  * 

all  ready  it  is  time  to  make  a  sm^ll  scale  sketch  of  the  whole  thing. 

*.  * 

Kaklyg  and/using  the  small  acale  sketches;  -  > 

Pads  of  1/4"  or  1/8"  (1/10'*^  squared  paper  can  be  obtained.     By  using 
the  1"  spacing  to  represent  a  3"  (10  cm.)  spacing  of  the  large  scale  layout, 
the  result  will  fit  on  one  sheet  or  perhaps  on  two  sheets  taped  together.  All 
the  lines  of  the  large  scale  layout,  should  be  drawn  in  on  the  small  scale 
sketch,  and  all  the  n»vables  should  be  drawn  In  also.    The  Small  scale  draWng 
is  meant  to  be  a'  record  of  one  arrangei^nt  and  hence  It  needs  no  naavab^e'  pieces 
When  complete  it  should  be  labelled  with  the  designers  names,  and  whether  it 
is  their  first,  second  or  third,  and  then  put  In  a  folder. 

When  several  designs  are  re^y,  the  small  scale  sketches  can  be  pra^ 
sentfed  to  the  ^lass  as ^a  whole- for  criticism,  comparison,  and  possible  im- 
provement.   The  best  ones  can  then  be  presented  to  the  principal  ^or  luttchioom 
manager  with  a  request  that  tlfiey  be  tried, 

595      ■  ' 


TWe  small  scale  drawlnK;i)f  the  design  .ttiat  is  being  tried  cati  then 
'   be  used      "a  bliiieprJlii»«  for  arratiging  the  lunchroom.     SeveT:al  copies  aafy  be  . 

needed'.'  The  large  scale  layout;  c^n  also^be  set  up  on  a  table  i^n  the  lunch- 
.  room  whi^e  The  arranging  is  going  pn.    The 'small  scale  sketches  can  f  inally 
be  ufeed  in"  the  class  report  of  their-\activities.       »  -  * 

.      •       ■■■■  f.  ■ 
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THE  SIT-DOWN  GAME 
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The  sit-down  game  provides  a  natural  vehicle  ;f or/ illustrating  ideas 
fdiilch  the' students  may  have  seen  in  a  s$^dy  of  set  thepi^.    Each  .>x'  these  ^ 
ideas,  l^owever,  can  also  be  stated  without  the  use  of  set  theory'and  so  a  ^ 
*  lack  of  knowledge  o^  set  tlieojy  .should  not  preclude  playing  the  sit^-down 
game  —  complete  with  a  discussion  of  .what  is  happening!    Moreover this, 
activity  can  be  used  to  lead  to  4  dfecovery  for  the  students  of  sQt  theory 
concepts  and  rules.  ^  '  ^  ^  ' 

The  basic  activity  of  the  sit-down  game  is  the  following.    The  entire 
clAss  stands.    Characteristics  such  as  **has  fcwo  eyes,"  "has  brown  hair  J* 

"is  a  boy,"  etc.  are  named  and  written  on  the  blackboard  as  they  fare  named. 

*.  •  ' 

As  each  characteristic  is  named,  each-student  standing  must  decide  ^f'^he 
.   has  'that  character i^ tit  or  not.    If  he  does,  then  he  remains  standing; glf 
he  does  not  have  fehe  characteristic  named,  then  he  iimaediately  sits  down.  • 
The  game  continues  -  characteristics  are  listed  until  only  one  student  is 
left  standing. 

Listing  ch^acteristics  divides  th6  class  into  groups  or  s.ets.  T^e 
students  standing  are  those  students  who  have  all  of  the  listed  character-  ' 
ibt^ics  (in  other  words  are  in  the  intersectiod  of  all  the  sets  specified). 


/ 


'Ajpossible  aftd  to  discussing  the  game  is  to  make  a  tree  diagram  as  the 
characteristics  are  listed,  as  follows: 
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Left 

Standing 


(Everyone  is  standing) 


BMti  Hair  ' 
Straight  Hair 


Light  Skin 


r  « 


^  /Jhese  sit 'down 
at  each  stages 


Girl  "  Notj  Boy  - 
Not  Blue  Eyes  (Boy) 

:.^...„.„ 

Not  Straight  Hair  (Brown  Hair,  Blye-eyed  Boy) 

.   .J  -I  '  * 

Not  Light.  Skinned  (Brown  Straight  .Hair , 

*  ;    Blue-eyed  Boy). 
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As  each  characteristic  is  listed,  the  vfertlcal  line       extended 'down- 
ward to  represent  the  standing  student^who  have  ALL^f  the  characteristics  . 
listed  on  the  left.    Also  at  each 'stage,  a- line  is  ekteadfid  diagonally 
downward  to  the  right  to  represent  those  students  who  sit.  down  atNrhat 
stage  of  the  game.    For  example.  When  the  characteristic  "brown  hair"  is 
named,  the  studftits  who  sit  down  are  the  students^who  are  st^ding  and 
do  not  have  brown  hair.    Other  students  may  not  have  brown  hair  either, 
but  they  do  no't  sit  "down  because  they  are  already  seated.    Thi^  the  students 
who  sit  down  at  that  stage  are  the  stucjepts  who  do  not  have  brown  hair,  but 
^  are  blue-eyed  boys,    ft  may  even  be  worthwhile  to  have  the  s^tudents  sign  ^ 
the^  name  orfithe  blackboard  on  the  right  in  the  -appropriate  place  as  they 
sit  down.     Then  wlieh  the  game  is  done,  there  will  be  some  information  on 
the  board  about  every  student  except  those  left  standing.    They  Would  then 


-sign  on  the  left  and  he'  totally  described. 


1 


5. .8 


^  While  it  is  nonessential  that  student^  know  the  language  of  set  ^ 

'  .  \  '         .    '  '  % 

theory  in  order  to'plajf.  the  ^ame,  the  game  does  offer  several  ppportuni^es  , 

to  lise  the  language  and  ide^  of  set- theory.    As  each  characteristic  is 

listed, ^quest ions  should  be  raised:    What  do  all  of  the  studentsr  standing 

"have  in  comaon  (besides  the  fact  tirat  t;hey  are  all ,  standing)  tha^  disting-^ 

-^uishes  them  from  each  sfcudeiit  tKati  is  fitting?    Can  each  seated  student 
ftn4  some  characteristic  in  t^hich  he  differs  from  everyone  who  is- standing? 

'  Is  there  anyone  in  the  roon>  that;  has  none  of  the  ctwacterlstics  listed? 
Which  characteristics  lisfed  cause  more  peopl^  to  sl't  dtwn?    In  the  Ian- 

sQt,  e.g.  the'set  of  boys,  the  set  of  brewn-haired  people,  the  set  pf  ^^/^^ 
people  with  two  eyes,\6tc.    As  each  set '^s  specified,  the  students  stand- 
ing  defclde  whether* 01^  not  they  are  members  of  that  set.    The  mei^bers  "of 


guage  of  set  theory,  each  characteristic  is  ^houglit-^of  as  specifying  a' 


the  set  (who  are  ^anding)  remain  stan^ng,  while  the  non-members  sit  down. 


At  each  stages,  the  students  standi^^  have  |Ln  commom  the  characteristic 
that  they  are  members  of  ALL  of  the  set|9  "specified,  that  is  they  are  .members 
of  the  INXERSECTiqN  of  the  sets  specified  on  the  blackboard.  .  The  seated 
students  also  have  something  in  commlfn' which  is  a  little  more' dif  fioul^t 
to  phrase*.    Each  seated  student  can  f ^nd  one  listed  characteriatj^whlch^ 
he  does  not  have  —^naiMiy  the  one  which  resulted,  in  his  sitting  down. 
Sincje  all  of  the  students  standing  have  ALL  of  the  characteristics  Jisted, 
they  have  the  particular  characteristic  that  caused  a  seated  student  to 
sit  down.    Therefore,  etfch  seated  student'  can  find  one  characteristic 
that  he  does  not  have,  but  that  all  of  the  standing  students  do  have. 
^^^n  the  language  of  set  theory,  *each  seated  student  can  find  one  set  of 
which  he  is  NOT  a  member  ^  but  of  ^ich  eveir^  s&anding  student  IS.  a  member^ 
Thip  could  also'^be  phifased  as  "A  seated  student  is  one  who  can  find  a 
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characteristic  on-th^  bqard  whicn  he  does  NOT  have,  while  a  standing  sl^u- 
dent  has  alJ.  pf  the  characteristiTcs  listed  on  the  board."  .Note  that  the 
character  is  ticth^t  distinguishes  one  s^ea^ed  stud.e^^rom  all  of  the  *  ^ 
standing 4 tuclents  will  "be  different  from  the  cha^cteristic  that  dlstiii- 
guished  another  seated  -studedt^  from  all  of  the  standing  students.  The 
coinmon  pi;|k^e?ty  shared  by  all  of  -the  seated  students  i§  that  for  each 
seated  studeat  there  is  at  l^ast  one  Of  the  specified  sets  of  which*  they 
are  not  a  member.     .  • 

Another  interesting  question  arises  after  only  one  student  i^  left 
standing.     If  the  same  characteristics-  are  listed  in  a  different  order 
and  this  new^  list  of  characteristics  is  used  to  play  the  game,  what  will 
happen?    WilP^yone  be  left  standing?    Will  the/same  person  be  left 
standing?    Will  he  be  the  only  one  standing?  ''Thi&^uestlon  is  easily 
resolved  by  simply  playing  the  game  and  observing  the  outcome.  After 
this  has  been  done,  it  should  become  apparent  that  no  matter  what  the 
order  of  specifying  characteristics,  th^  same  people  will  have  them  and 
so  the  same  perstfn  will  have  ALL  of  th&n  and  be  left  standing,  while  every 

■  Zi 

other  student  wi^l  ndt  have  ALL  of  th£3^  and  so  will  sit  dt^'^at  some  point. 
Again,  th^  language  of  set  theory  may  be  used.    .Here,  we  can^say  that  the 
intersection  of  two  or  mere  sets  ie^  the  same  no  matter  which  order  is  used 

4 

to  list  the  sets.-  For  example,  A/I(B/|C)  -  Cfli^f^B)  -  BfMC/^A),  etc. 

« 

The  efficiency  with  whith  characteristics  eilmlnate  students  is 
.  r^lat^d  to  the  size  of  the  set  which  they  specify,  or  in  other  words  how 
■  many  students  have  that  characteristic.    Thus  some  characteristics  such 
as  "has  two  eyes"  will  include  evefyotie  in  the  class  ^.,wiH  therefore 
be  most 'Inefficient  since  it  eliminates  no  one.    A  characteri&tic  such  as 
"is  a  girl"  is  possessed  by  roughly  -half  the  class  and  so  eliminates  the 
other  half.    A  characteristib'  such  as  aye-color  specifies ^a  small  set  since 
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in  general,  less  Jthan  half  the  students  wtll  have  ^ey^s  of  a  specified  color. 

^Such  a  characteristic  therefore  qliminatt^  a  latger  set  and  is  therefore 
more  -efficient  -in  reducing. the  stSmding  group  to  only  one  student.  --Ihe 
efficietiity  of  a  characteristic  may  Vary  with  the  order  in  which  it  is 
presented.    This?  is  related  to  the  predictive. nature  q^certain  charac-      •  ^ 
teristics.    Specifically,  darket  dkin,  eyes,  and  hair  are  highly  correlated  . 

.   and  so  once  one  of^feiiem  is  lisLted,  th^  others  becoine  less  evident  -  possibly 
to  the  point  where  no  one  additional  sitsl  down  after  a  second  or  third  of 
these  cdbrelated  characteristics  is  specified.    The  students  could  no  doubt 
verbalize  this  correlation. 

Finally,  many  variations  exist  to  the  details  governing  the  playing 
of  .the'^  sit-down  gaine.  >  The  follow4,ng  list  is  only  a  beginning  and  by  no 
means  exh^iusts  the  pbssi-bilitiesj   Jhe  students  would  hopefully  wish  to 
make  up  severaiuiif ferent  ve^rsions  and  then  try  to  predict  the  outcome. 
VARIATIONS:  .  ,  ^ 

1.  One  student  is  "It"  and  he  does  the  listing'^f  characteristics  trying  , 
to'  leave  only  himself  standing  at  the  end  pf  the  game.    Can^he  do  it 
with  fewer  questions  than  another  sti|ient?  ^ 

2.  A  student  names  the  cha^racteristics  attemjjtsing  to  leave  only,  a  pre- 
selected  other  student  standing. 

3.  The  class  could  be  split'  up  into  teams  and  then  either  of  the  above 
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two  ^rsions  be  played  alternating  a  person  from  one  ^eam  with  a 
person  from  tha  other  team  and  i^score  be  kept  for.  the*  entire  team. 
The  score  being  the  number  of  characteristics  needed  -  with  low  score 
.winning.    Alternately,  the  score  cbuld  be  10  less  the  number  of  char- 
acteristics  listed  with  the  high  score  winning.  '  ^ 

-J        •    .  • 
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Specify  a  list  of  characteristics  with  no  particular  student  in  mi ati , 
and' then  use.thesa  to  pJ56y  the  game,  . 

Specify  a  li^t  of  characterigtics"^^  that  when  these  ^re  used  no  ' 


one  is  left  standing. at  the  pl^yt^  Characteristics  such  as 


^as  17  ears"  could  reduce  thS,,^ask*  to  nonsense*.    If  the  students  ' 
reali^  this  and  specify  such  cha^tteristi^cs ,  they  should  be*  made 
to  realize^^hat  they  are  describing  a  set  which  is  disjoint  from  the 
set  of  members  oSS^he  class.    That  is  the  intersection  of  the  set  of 


people  with  17  ears  and^th^class  is  the  empty  set.    They  may  even 
,wish  to  say  that  the  set  of  people  with  17  ears  is  another  name  for 
the  Mxpty  set.    To  avoid  such  characteristics,  it-may  be  desirable 
to  statp  that  each*  characteristic  in  the  list  must  be  possessed  by  .  a 
art  least  one  member  of  the  class  •    Then  in  specifying  ^  list  th&t 


leaves  no  one  standings  the  students  may  be  lead  into  ideas  of 
correlated  characteristics.  » 


Finally,  there  Is  the  variation  of  listing  characteristics  so'  that  a  ' 
selected  PAIR  of  students  is  l^ft  standing  and  everyone  else  is  seated. 
That  cold  easily  becoaie  extremely  difficulty. 
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SET  THEORY  "Act IV ITIES:    ROPE  CIRCLES  AND  VEMN  DIAGRAMS  ' 

.    .     '     .    by  : 

Merrill  Goldberg 

Specifying  characteristics'  for  individual^  is     natural  introduction 
to  set  theory.    A  set  is  simply  a  collection  of  ^thing^:    Specifying  a  charac- 
teristic, such  as  '*blue  gyes"  specifies  a  set  -  namely  the  collection  of 
things  (in  this' case  students  in  the  tflass)  with^ltie  eyes,  language  ^ 

of  set  theory  is  useful  (but  not  necessary)  in  playing  the  Sl,t-Down  Game, 

This  set  of  activities  provides  an  elementary  way  to  introduce  the  basic 

*/ 

idea  of  a  set  as  a  collection  of  things*    Concepts  discussed  include: 
class  m^feiber^hip  (being  a. Bomber  of  a  set);  the  con^lement  of  a  set; 
and  the  intersection  of  sets. 

Ropfe  Circles  ,        -     ^  ' 

A  rope  circle  is  just  that.    A  length  of  rope,  heavy  cord^  pr  pre-^ 

ferably  colored  yam  about  20  f e^?^  long  is  tied  together  at  the  ends  fco 

form  a  closed  loop.    This  -loop  can  be  thought  of  as  the  boundary  of  a  ^ 

more  or  le^s  circular  region  on  the  flobr.  \  The  loop  is  placed  on  the 

floor  and  labelled  by  taping  or  pinning  a  sheet  of  paper  to  it  oti  which 

has  been  placed  a  characteristic  such  as  ''1)lue  eyes".    The  inside  of  this 

•  circular  reg^.on  represents  the  set  of  all  students  with  blue  eyes.  All 

the  students  who  belong  in  this  set  (i.e.  have  blue  eyes)  stand  inside 

♦ 

the  rope  circle  labelled  ''blue  eyes".    These  students  are  nleittbers  of 
the  set  of  blue  eyed  s-tudents  represented  by  the  rope  circle  on  the  floor. 
Those  students  who  do  NOT  have  blue  eyes  are  NOT  members  of  the  set  of 
b-lue-eyed  students.    .They  belong  son^where,  too.    They  belong  OUTSIDE  the 
rope  circle  representing  the  set  of  blue-eyed  students  because  they  are 
NOT  meidaers  of  that  set  -  they  do, NOT  have  blue  'eyes.    The  rope  circle 
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labelled  %lue  eyes'*  defines  a  set  of  blue-eyed  students  -  those  who  are 
standing  inside  the  circle.    It  also  defines  anoth&r  set  -  the  set  of  stu-- 
dents  who*  do  NOT  have  blue  eyes;  that  is,  those  students  who  are  n^t  stand- 
ing inside  thfe  rope  circle  labelled  "blue  eyes".    The  6et  of  students  who 
are  NOT  inside  the  rope  circle  are  in  the  COMPLEMENT  of  the  set  %lef ined 
by  the  rope  circle.      In  other*^ words the  compleiaent  of  a  set  is  the  set 
of  things  which  are  ^OT  n^iabers  of  the  set.    The  compli^eht  of  the  se^t  of 
blue-eyed  students  is  the  set  of  stu^ei^l^that  do  not  havfe'^blue  eyes.     The  . 
coffiplement  of  a  set  defined  by  a  rope  circle  on  the  floor  can  be  pictured  , 
as  the  space  outside  the  rope  circle.    The  rope  circle  labelled  "blue  eyes" 
defines  two  sets:    The  set  ^FTlue-eyed  students  and  the  complement  of  the  > 
set  of  blue-eyed  students.    These  two  sets  are  represented  by  the  inside 
and  the  outside  <f  the  rope  circle.    Those  sfudents  wh»  are  meaibers  of.  the 
set  stand  inside  ^he  rope  circle.    Those  students  who  are  NOT  meiobers  of 
the  set  J  i.e..  are  members  of  the  COMPLEMiEaSIT  of  the  set  stand  outside-  the  * 
rope  circle.    Thus  each  time  a  rope  circle  is  placed  on  the  floor  ^nd 
labelled  to  specify  a  set,  every  student  must  stand  either  inside  it  if 
he  is  a  meji4)er  of  the  ^et,  or  outside  it  if  he  is  not  a  member  of  the  set. 

We  have  thus  far  explored  the  basic  idea  of  a  set,  including  the  topics 
*  of  class  membership  and  the  complement  of  a  set.    Without  mentioning  it, 
we  have  also  seen  the  concept  Of  a  set  dividing  the  universe  (all  students 
in  tlie  class)  into  two  disjoint  sets.    More  specifically,  in  setting rope 
circle  on  the  floor,  all  of  the .students,  in  the  class  are  divided  into  two 
^oups  -  those  that  belong  inside  tj^  circle  and  those  that  belong  outside 
the  .circlet^  Every  student  belongs  either  inside  or  outside  and  no  student 
belongs  in  both  places.    He  is  either~a  member  of  'the  set  or.rfe  is  a  member 
of  the  complement  of  the  set.    He  is  not  a  member  of  both  the  set  and  its 
complement.    In  other  words,  each  set,    tpgether  with  its  complement,  divld^ 
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the  entire  class  into  two  groups,,  with* everyone  belonging  to  either  one  of  the 
two  groups      Two  sets         said  to  be  DISJOINT  if  they  have  no  laembers  In  common 
that  is,  if  nothing  belongs  to  both  of  th^,^   Each  charactei^istic  such  ap  blue 
eyes  specif ies' a^  set.^which  is  DISJOINT  from  its  complement.    The  set  of  boys 
divides  the  class  into  two  groups:    those  students  who  are  boys  and  those 
students  who  arfe  hot  boys^  I.e.  the  set  of  girls.    These  are  two  disjoint 
sets.    It  is  therefore  not  necessary  to  use  a  rope  circle  to  describe  the 


jset  of 


girls  if  one  has  already  been  used  to  describe  the  set  of  boys. 


since^the  set  of  girls  is  the  complement  of  the  set  of  boys\  and  so  the 
glrU  wbuld  sWly  be  standing  outside  the  ropercircle  lab/lled -boys". 
No  Vdditional  information'  would  result  from  specifyj^  ^  a4ditibnal  circle 
for  the  girls      and  a  fa^r  amount  of  confusion  could  arise  later.. 

After  one  circle  is  set  on  the  floor,  and  the  students  place  them- 
selves  appropriately  either  inside  it  our  outside  it  -  noting  that  the 
set  and  its  complem^t  are  indeed  disjoint  and  that  everyone  either  be- 


\ 

longs  inside  it  or  outside  it,  pick  up  the  circle  and  put  down  a  second' 
circle  with  a  different  label.    Suppose  fof  example  that  the  first  circle 
was  labelled  "blue  eyfes"  and  that  thiis  second  circle  is  labeLJ.ed  "boys". 
After  6;ach  student  has  definitely  realized  whether  he  belongs  iriside  pr 
outside  of  each  of  these  circles  wh^n^placed  one  at  a  time  on  the  floor » 
place  Uoth  circles  on  the  tloor  like  this: 


Ask  the  students  now  to  stand  either  inside  or  outside  of  ekch  of  theser  " 
circles.  That  should  cause  Sfane  confusion:  -  efipefcially  fot  the  boys  with 
blue^yesl    Which  circle  should  they  stand  in?    They  belong  inside  the 
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circle  labelled  "boys"  because  they  are  members  of  the  set  of 'itoys.  Th^ 
^also  belong  inside  the  circle  labelled  "blue  eyes"  because  thly  are  members 
of  the  set  of  blue-^eyed  students.    They  belong  to  both  sets  because  they 
are  boys  AND  they  have  blue  eyes.    Therefore,  they  should  stand  Inside  both 
of  the  circles.    The  students  should  quickly  rearrange  the  circles  on  the 
floor  like  this :     '  '         ^  '  * 


It  ,is  then  possible  for  each  student  t^  stand  in  one  of  four  appropriate 

places.  "  Those  students  who  are  girls  and  do. not  haVe  blue  eyes  will  be 

standing  outside  both  of  the  circles  -  they  will  not^  be  in  either  set  since 

f  ~  ,  ' 

they  are  neither  hoys\nor  do  they  have  blue  eyes,    Tl^  boys  who  do  not 

hW  blue  eyes  ,  must  stand  in  the  place  wh^re  th"^  can  be  inside  the  circle 

labelled  "boys"  but  outside  the  circle  labelled  "blue  ey'es".    The  girls 

who  do  have  blue  eyes  must  stand  so  tha*  they  are  "inside  .the  circle  labelled 

••blue  eyes"  but  outside  the^  circle  labelled  "boy^*'.    Finally,  the  bpys 

I  with  blue  eyes  will  be  standing  in'  the  section  that  is  j^rt  of  the,  inside 

of  both  cir<j^s  aince  they  are  mea&ers  of  both  the  set  of  boys  and  the  set 

•of  blue-eyed  students.    They  are  members  o|  the  INTERSECTION  of  the  two  seta. 
Tiie  intersection  of  two  sets  Is  the  set  of  things^  which  belong  to  BOTH  of 
them.    It  is  possible  to  describe  all  four  of  the  places  where  students  are 
staWi'ng  as  Ihtersectionfi  of  various  set's.    To  do. this,  it  will  be  helpful 
.to  have  some  ^symbols  to  use  in  naming  the  sets.    For  example,-  let  BYS  be 

,  the  label  for 'the  set  of  BOYS  and  let  B-£  be  the  label  for  the  set  of 
students  with  hl\x&  eyes.    Instead  of  introducing  new  labels  for  the  com-  ' 
plemehts  of  each  of  t^ese  sets,  it  will  be,  better  to  introduce  a  B^ol  ^ 
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which  will  mean  "corapblement  of"^    We  can  introduce  the  lexers  '^comp"  for 
this  purpose  and  plice  them  imaediately  before  the  set  whose  complement  we 
wish  to  label.    Thus,  the  set  of  girls  being  the  complement  of  the' seti^of 
boys  will  be  labelled:    compBYS.,  Similarly,  the  set  of  stpudents  who  do  not^ 
have  blue  eyes  16  labelled:    compB-E  since  It  is  the  complement  of  the  set 
^of  students  with  blue  eyes,,  that  is>  the  complement  of  the  &et  labelled 
One  more  synijol  is  needed  to  show  ifitersection.    There  is  a  standard  mathe- 
matical  symbol  ubed  to  indicate  the  itftersection  of  two  sets.     It  is  an 

N-^  .  '       /  "    •  -  . 

up^de-down  U  and  It  a,o9ks  like  this;  /)   .    To  indicate  the  intersection 
of  two  Bets,  the'  ifitersection  syirfjol  is  placed  fietween  the  symbols  for 
the  sets.    Thus  »the  intersection  of  the  set  of  boys  with  the  set  of  blue- 
eyed  students  would  be  written r    BYS       B-E.    The  set  of  girls  with  blue 
ayes  would  be^written:    conqjEYSy^B-E*    1^^^  sytd>ol8:    coffiDB-E  /)BYS  indi- 
cates  the  set  which  is  the  intersection  of  the  sets  compB-E  (the  comple-- 
ment  of  the  set^of  blue-eyed  students)  and  BYS  i(the  set  of  boys).  This 
Is  the  set  of  boys  that  do  not  have  blue  eyes.    Tfie  four  regions  that 
appear  when  our  two  circles  ar?  placed  on  the  floor  can  now  be  labelled  « 
with  our  syniols  as  follows:*  '  \  ,  \ 


"tompB-E  n  compBVS 


Now  place  a  third  rope  circle  on  the  floor  defining  a  third  set  -  say  the 
set' o<  students  with  brown  hair.    For  this  set,' we' 11  use  the  syuibol  BR-H. 
The  set  BR7H  also  divides  the  class  into' two  disjoint  sets:'  those^who  have 
bfown  hair  and  those  who  do  not  h&ve,  brown  hair.    The  set  of  boys  with  blue 
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eyes  and  brown  hair  will  be  the  intersection  of  the  three  set|  specified 
'as  the  insides  of  the  rope  circles.    It  has  the  8yHi>ol:    Vist)  B--E/7br-H. 
How  does  it  compare  to  the  set  with  ^e  symbol:    B-E^BR^-H /7BYS?  ' 
The  two  sets  are  the  same.    'This  is  m  example  of  the  principled' of  coiamU--^ 
tatlvity  for  Intersecting  sets:^    "The  intersection  of  sets  specifies  the 
same  set  no  matter  in  which  order  the  sets  are  listed  in  .the  intersection. 
To  be^more  propefr  matheiaatically ,  we  should  remark  that  intersection  ±b 
an  operation  defined  between  two  sets  (like  addition  is  defined  between 
two  pumbers) .    The  intersection  of  three  sets  need  not  be  defined  since 
it  can  be  given  in-tetms  of  intersecting  sets  two  at  a  time.    In  the  ex- 
ample  preceding,  ve  have  denoted  a  set  by: 

BYS  /Jb-E  /)br-:H.    This  is  an  intersection  of  three  sets.    It  can  be 
viewed  in  terns  of  the  operation  of  intersecting  two  sets  by  first  inter- 
secting the  sets  BYS  and  B^E  to  give  the  set:    BYS/)  B-E.    This  is  now 
viewed  as  one  set  -  to  aid  our  viewing  it  as  a  single  set,  place  parenthe 
around  it:    (BYS  ^  B-E) .    This  single  set  is  now  intersected  with  the  set 
BR-H  to  give:    CBYS B-E) /7  BR-H.    The  associative  property  of  set  inter- 
section  atates  that  in  intersecting  more  than  two  sets  via  a  process  of 
intersectJ^ng  tjiem  two  at  a  time  and  building  up  ^.as  above,  the  same  set 
will  result  in  the  end  no  mact^  hcM  the  sets  have  been  grouped  for  inter- 

*  •  . 

sectipg.    An  exainple  <jf  this  ia:     (BYS /I  B-E) BR-H  is  the  sane  set  as 
BYS</^(B-E  ^BR-H). 

By  adding  the  third  circle  to  the  floor,  there  now  are  eight  distinct  re- 

K 

gions  which  can  be  specified  as  set  intersections.    These  are  pictured 
below.    Note  'that  the  key  to  Gie  nuabered  regions  identifies  them  as  the 
intersections  of  three  sets  in  each  case.    If  the  clas*  has  studied  set 
theory  and  is  accustomed  tc  using  parenthesis  and  intersecting  sels  two 
at  a  time  instead  of  indicating  the  intersection  of  three  sets,  then 
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a  key  using  that  notation  would  be  more  appropriate.     In  all  cases,  the 
region  %b  identified  by  only  one  intersection  of  sets;.    Each  such  region 
could  also  be  specified  by  the  intersection  of  the  same  sets  But  ii||a 
different  order.  *  The  same  region^ is  specified  no  matter  vrtiidi  order  is 
u^ed  >to  indicate  the  intersec^:ion.    All  that  matters  is  the  sets  used. 


This  then  is  the  picture  for  three  rope  circles  on  the  floor. 


KEY 

'  1*-  coxapBYB corapB-E /7  compBR-H 

2  -  BYS/7  compB-E  /^compBR-H 

3  -  corapBYS      B-E  ^  coapE(R-H 

4  -  BYS  /)B-E/7\compBR-H 

5  " 'BYS/7B-E/7BR-H 

6  -  BYS  /?c<aapB-E  /)bR-H 

7  «  compBYS/}«^<^PB-E/?  iR-H 

8  -  compBYS/7B-E /^BR~H 


1 


*^Note  that^  every  one  of  the  eight  regions  in  the  above  diagram  is 
described  as  the,  intersectl^  of  THREE  sets.    To  describe  one  of  the  regions 
It  is  not  enough  to  specify  which  of  the  three  sets:  BYS;  B-E;  BR-H  we  are 
ini  we  must  also  specify  which  of  the  sets  we  are  NOT  in.     For  each /of  the 
hree  sets  we  must  specify  whether  we  are  IN  it  o^  OUT  of  it.    Thus  to 
specify  the  region  of  the  picture  in  which  a  student  belongs  we  must  ask  three 
questions -each  of  which  is  answered  by  a  .":^es"  or  a  "no".    These  three 

f 

questions  to  he  aded  of  the  student    to  be  placed  in  a  region  are:  Is  the 
student  in  the  set  of  BOYS?;  Is  the  student  in' the  set  of  students  with 


BLUE  EYES?;    and  Is  the  student  in  the  set^f  students  wfth  BROWN  HAIR? 
There  is  rib 'shortcut  possihle.    All  three  of  these  questions  must  be  answered 
before  a  student  ^h  be  properly  placed *in  one  of  the  eight  regions. 
time  one  of  these  three  questions  is  answered  the  number  of  possible  regions 
of  the  diagram. in  which  to  place  a  student  is  halved.    For  example,  let's 
plkce  Sally  who  has  blonde  hair  and  blu§  eyes        the  proper  regi^.  At 
firs!  before  answering  any  of  the  three  questions  Sally  could  belong  in  any 
of  the  eight  regions  pictured.    Asking  the  first  question t    Does  Sally  belong 
to  the  set  of  BOYS?    No.    Therefore  *Sally  cannot  be  placed  in' any  of  the 
regions  which  lie  within  the  circle  labelled  "BOYS".    Thus  SalJ^will  be    ^  ^ 
correctly  placed  in  one  of  the  four  regions  numbered  1,  3,  7,  or'*8.    The  ,  ' 
possibilities  are  now  four  rather  than  eight.    Asking  the  first  question 
reduced  the  number  of  possibilities  to  just  half  ^s  many.    Asking  the  second 
question  again  halved  the  number  of  possibilities:    Does  Sally  belong  to  the 
set  of  students  with  BLUE  EYES?    Yes.    Therefore  Sally  must  belong  in  one  of 
the  regions  which  lie  within  the  circlp  labelled  "BLUE  EYES"^   Of  the 
possibilities  1,  3,  7,  and' 8  which  remained  after  considering  the  first 
^  question  only  regions-  3  and  8  lie  within  the  circle  lahtlled  "BLUE  EYES". 
Thus  Sally  will  be  correctly  placed  in  one  'of  the  two  regions  numbered  3 
or  8.    There  are  now  two  possibilities  -  half  as  many  as  there  were  before 
considering  the  second  question.    Asking  the  third  ijuestlon  will  again  halve 
the  number  cf  possibilities  leaving  the  ONE  in,  which  Sally  correctly  belongs. 
Does  Sally  belong  to  the  set  of  students  with  "^OWN  HAIR?  No.    Therefore    ,  . 
of^the  tjwo  regions  (3 -and  8)  Saljly  belongs  In  the  one  which  lies  outside 
the  circle  labelled  "BROWN  H^IR".    This  is,  region  S.wsdlch  is  described  as  - 
compBYsH  B-E  HcompBR-H.  '  •  ^  ,/ 


'  /  ■      .  ■     ■   '       •  '  . 
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Students  will  probably  not  want  to  ga  through  this  soroedhat  lengthy  process 
of  separately  consideri^ng  each  of  the  three  questions^  in  order  to  designate  the 
regipiv  in  which  they  correctly  belong.  -Tetj  before  a  correct  placement  can  be 
made,  each  ot  these  three  questions  must ^e^^swe red  correct^.    To  shorten  the 
process  somewhat  each  student  could  indicate  where  he  thinks  .he  belongs.  To 
check  that  each  student  is  placing  himself  corrlctly,  three  students  (or  teams 
of  students)  in  the  class  could  act  as  "specialists"  -  specializing  in  tone  of — f 
the  three  sets.    There  must  be  at  least  one  "specialist"  for  each  of  the  three 
sets.    Tho'  spejyLalist  for  the  set  "BOYS"  would  concern  himself  only  with  whether 
or  not  the  student  has  correctly  placed  himself  in  a  regioS  wfeicFi  is  IN^or  OUT* 
of  the  set  of  BOYS.    Therefore  the  "BOYS  specialist"  would  agree  with  Sally's 
placement  of  herself  as  long  as  she  chose  to  place  herself  in  regions  1,  3,  7, 
or  a.    The  "BLUE  EYES  specialist"  would  agree  witHs^Sally '  s  placement  of  herseW 
as  long  as  she  cliose  to  place  herself  in  regions'  3,  4,  5,  or  8  since  these  are 
alJ^he  regions  which  lie  within  the  set  B-E.    The  "BROWN  HAIR  specialist"  would 
agree  with  Sally's  j^i^cement  of  herself  as  long  as  she  chose^to  place  herself  in 

regions  1,  2,  3  or  4  since  these  are  all  the  regions  that  do  not  I i^  within 'the 

(  *  • 

bet  BR-H.    If  Sally  places  herself  in  region  3  (the  correct  region  for  blonde, 

blue-eyed  Sally)  then  all  three  specialists  will  agree  with  her.    If  Sally  places 

herself  in  any  of  the  other  seven  regions  the^n  at  least  one^of^ the  specialists 

will  disagree  with  her.    Assuming  that  looking  at  only  one  characteristif,  (as  a 

specialist)  is  easier  than  considering  three  and  that  the  specialists  can  do  their 

job  accurately,  this  method  of  using  "specialists"  provide!  a  means  of  testing  , 

the»rrectness  of  a  student' s  placement  qt  himself  in  one  of  the  ^eight  regions. 
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'•'  Adding  a  fourth  circle  is  quite  difficult  if  it  is  to  be  added  to  the  first^ 
.three  so  that  all  possible  combinations  of  sets  and  their  complements  wjll 
be  pictured "as  a  region.    To  do  this .  it  will  be  necessary  for  the  Squrth 
circle  to  b6  a  non-circular  closed  loop.    One'  possible  way  of  positioning 

.   a  foyurth  circle  so  that  all  16  of  the  possible  con^ations  of  the  four 

/  * 

^ets  and' their  complements  will  have  a  region  is  pictured: 

There  are  exactly  16  re-^ 
glons  defined  by  being  in- 
side or  outside  the  four^ 
circles.    Find  them. 

Adding  a  fourth  circle  is  sufficiently  difficult  so  that  at  this  stage  ^ 
It  should  be  easier  for  the  students  to  begin  picturing  the  intersections 
as  just  that-  intersections  of  sets.  ^  The  concept  of  set  intersection  is  - 
easy  to  ext^d  to  the  intersectitm  of  five.  six.  seven  or  .even  100  or  more 
sets;    Th9.  idWi  of  rope  circles  gets  coiq^licated  at  fcAir.    So  this  may  be 
a  good  place  t^top  picturirlg  the  sets  as  regions  on  the  floor.  . 

• 

VENN  DIAGRAMS  are  circular  pictuj^es  drawn  to  repii^ent  sets.    They  are 
precis^  the  pictures  that  are  drawn  here  to,  represent  the  rope  circles. 
-While  rope  circles  are  placed  on  the ' floor .  circular  regions  similar  to 
those  pictured  here  may  be  drawn  on  the"  blackboard.    As  students  stand 
in  a  r^  circle  ^  their  initials  or  name  may  be  placed  in  the  appropriate 
circular  regign  on  the  blacid^oard.    In  this  way,  a  Venn  diagram  is .  put 

^^^^ 

on  th#oard  as  the^rope  circles  a«  placed  on  the  floor.    The  Concepta  , 
i^olved  are  Identical,  the  difference  being  only  one  of  presentation. 
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The  q^tiestlon  will  almost  certainly  arise  as  to*  the  significance,  of 

the  line  in  the  diagram  or  the  rope  in  the  rope  circle.    What  dpes  it  ©ean 

to  be  on  the  line?    Is  that  someone  who  vis  almost  but  not  cjilite  in  the 

set?    NO!    A  ^et  is  ^  clearly  defined  object.    Everything  is  either  a 

member  of  the  set  or  it  is  not.    Thus  everything  is  either  in  the  circle 

or  not  in  the  circle ^    The  line  a^^  being  on  the  line  is  possible^in  our 
picture  of  the  set  only  because  it  is  a  picture  of  thfe  set.a^d  not  the 

set  itself.    The  set  of  boys  is  the  collection  of  things,  which  are  boys 

*• 

and  not  the  part  of^he  fl^or  that  is  enclosed  by  the  rope  labelled  'l>oys"* 
The  rope  circle  and  the  Venn  diagrams^re  means  of  representing  the  concept 

of  sets,  they  are  not  the  sets  themselves.  /  ^ 

'  /Or 

,  Another  attivity  using  set  theory  is  the  sit--down  game,    ^t 'theoretic 
concepts  involved  in  that  game  are  discussed  in  the  technical  paper  descrlb- 
ing  the  game.    The  students*  standing  are  the  piembers  of  the  intersection, 
of  all  the  sets  defined  by  the  characteri^fct^s  on  the  blackboard.  * 
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USING  VENN  DIAGRAMS  TO  FIND  THE  BEST  DESCRIPTION 

by 


'uaiES  Staff 


The  children  In  most  classes  make  up  Individual  inventories  of^lj^ 
characteristics  to  use  in  the#jsit*-'dpwii  game*    As  they  try  but  their  de- 
scriptions,  they  f£nd  that  some  children  are  identified  using  the  first  few 
characteristics  listed.    Hbwever,  in  some  cases »  the  child  to  be  identl-  * 
fi^d  sits  down  with  others  when  a  .certain  characteristic  is  named.  In 
other'  cases^  he  is  left  standing  with  others  when  the  list  Is  finished. 

(See  techiV4^1  paper »  "The  Sit-Down  Game" »  for  a  more  co^lete  description 

..  '  ■ 

of  the  sit-down  game.)  ' 

*  ^ 

Venn  diagrams  can  also  be  i^ed  to  fln.d  out  vhlch^  char^ict eristics 
Identify  certain  children.    After  some  experience  with  *-llvlag"  Venn 
diagrams  (see  technical  paper»  "Set  Theory  Activities:    Rope  <4j:jcles 
and  Venn  Diagrams  )  ,  the  children  .cian  draw  Venn  diagrams  shdwlng  two» 
three  or  four  charact#irlstrcs.    Their  drawMi^  will  help  them: 
'     1.     ijPind  a  description  which  will  separate  each  child  from 
his  classmates. 

2.  Find  the  number  of  characteristics  nefeded  In  most  descriptions. 

3.  Find  the  best  characteristics  to  use  in  a  short  description, 

\ 

Attached  at  the  end  of  this  paper  are  the  inventories  of  the  charac-- 
.teristics  of  the  children  in  one  class.    The  following  paragraphs  show 
how  the  type  of  Information  listed  above  can  be  obtained  from  these 
inventories.  m 


614  ■      ,  ^ 


SA3-2 


By  drawing^  a  Venn  diagraia  of  the 'set  of  girls  and  the  set  of  blue- 
eyed  children,  the  chlldren^will  find  that  Amy  is  the  only .girl  with  blue 
eyes.    A  Venn  diagram  of  the  set  of  girls  and  the  set  of  blpnd-haired 
children  will  show  that  Amy  is  also  the  only  girl  with  blond  hair.  Either 
description  uses  only  two  characteristics  (see  Figure  1). 


GIRL 


BLOND  HAIR 


GIRL 


BLUE  EYES 


Figure  1 


-^By  looking  at  their  li«.t8  or  by  ^rawing  the  Venn  diagram  in  Figure  2 
the  kids  would  also  see  that  a\l  children  in  the  class  with  blond  hair  also  . 


have  blue  eyes. 


BLUE  EYES 


BLOND  HAIR' 


Figure  2 
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In  this  class,  both  characteristics  of  blond  hair  and  blue  eyes  are  not 
necessary  in  a  description.  \The  children  might  check  other  classes  to  see 
if  the  cprrelation  between  the  two  characteristics  is  high  enough  to  elim-  . 
inate  one  of  them  as  a  general  rule'*    If  this  is  the  case,  they  might  be 
asked  which  characteristic  -  hair  color  or  eye  color  -  im  best  to  use  in  a 


i 


0  ij- 


description.    Which  can  be  easily  se^  at  a  distance?    Whldt^  can  be 
changed?  ^ 

As  seen  in  the  Venn  diagrams  in  Figure  3,  Craig  can  be  (specified  as: 


a.  .  a  thin  child \vith  blue  eyes»  or 

b.  a  boy  with  straight  biond  hair. 


Figure  3 


Which  description  is  the  best?    How  many  children  in  the  schdol  are 
light  weig'St  with  blue  eyes?    How  many  boys  have  blond  straight  hair? 
The  children  can  find  several  descriptions  which  will  identify  a  person 
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in  their  cl^ass ,  and  then-  check  other  classes  to  find  out  how  large  a 
siamp^e  they  need  to  use  to  correcfcly  determine  the  best  characteristics 
tQ  use  in  a  description.  "  ' 

A^Venn  diagram  (Figurfe  4)  with  three  charac terries  shows  that  ^ 
AJlfredo  is  the^  only  boy  in  the  class  with  hlats^  hair  and  average  height. 
The  same  diagram  shows  that  Amy  is  the  only  girl  who  is  average  height; 
and  does 'not,  have  black  hair.  '         "  ^ 


\ 


BLACK 
HAIR 


Figure  4 
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It  takes  four  characteristics  -  boy,  brown  ey^»  short,  straight  hair 

to  Identify  Paul*  ,  See  the  Venn  diagram  in  Figure  5.    The  same  diagram 

\  ■       '  '  ' 

also  Isolates  Amy,  Lucille>  Billy,  Cralgt  and  George  B.2  with  different 

combinations  of  the  four  characteristics  or  their  complfeinents . 


Lucille 


^  _     STRAIGHT  HAIR 

2.  V  l|A»rc»l&.  • 


^?^ur.e  5  .  , 
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An  alternative  way  of  drawing  a  Venn  diagram  with  four-^s«ts  (and  their 
complements)  Is  shown  below  in  Figure  6.    The  same  six  children  are  isolated 

using  this  type  of  diagram.     In  the \ sit-down  game  the  person  left  standing 

♦  *  <  ■ 

will  depend  upon -the  order  in  which  the 'characteristics*  ajre  named. 
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Figure  6 
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^e  children  ma^  discover  that  it  isn't  always  easy  to  identify  only 

in  a^r^oup,    Joe  and  Craig  -S.  have  seven  identical  characteristics, 


one  person 

In  that  case,  perhaps  an  additional  characteristic  such  as  shape  of  face 
might  help*  .        '  , 

■  ,\  ■ 


V 


SA3-7 


After  the  children  have  been  able  to  Identify  the  children  in  ^ 
their  cla^s,  they  can  constj;uct 'a  histogram  of  the' number  of  children 
versus  the  minimum  number  of  characteristics  heeded  for  Identif icatiqn 
The  histogram  in  Figure  7  shows  this  data  for  the  sample  clas9. 
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Figure  7 
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The  children  might  also  draw  a  cianulative  histogram. using  the  same 

data.     The  number  of  characteristics  needed  for  correct  identification 
•  ft  ^  . 

75%  of  the  time  might  be  taken  as  a  large  enough  number  to  include  in 
any  description.    Figure  8,  which  Is  ^ased  on  the  data  in  Figure  7  , 
shows  thfs  to  be  four  characteristics.  *  ■        .      \  ' 
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CUMULATIVE  HISTOGRAM 
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or       or       or    '     or    *  or       or     <  or  or 
less    less    less      less    leias    less    less  less 


Number  of  Characteristics  Needed 
to  Id^ify  a  Child 

Figure  8  , 


The  children  will  notice  that  the  charactieristlcs  used  in  tbeir 
"minimum^'  descriptions  are  not  t^e  same  in  each  description.     So,  the 
problem  arises:    Which  four  charactef istlcs  to  use  in  a  description?  The 
children  may  suggest  different  combinations  as  the  best.    They  can  check 


\ 
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by  listing  the  characteristics  in  a  certain  order  and  drawing  a  series  of^ 
Venn  diagrams.  ' 

The  histogram  in  Figure  ^ai^d  cumulative  histogram  in  Figure  10  show 
the' results  for  the  sas|)le  class  for  an  order  of  characteVistica  as,  follows 


sex  * 
eye  color 

height  (tall,  average  or  short) 
,  weight  (heavy,  avi^age  or  light) 
type  hair  (straight,  wavy  or  curl 
skin  color  (dark,  tan  or  light) 
hair  cftlor 


Using  this  order  of  characteristics,  75%  of  the  children  in  the  class 
would  be  identified  using  the  first  five  characteristics^    These  charac-  . 
terlstics  (or  another  series)  could  be  tried  out  in  a  real  llfe^^ituation^ 
such/as  finding  a  child  qn  the  playground"*  or  in  the^  library.*   The  charac- 
terlstics  used  *  In  descriptions  of  lost  children  can  a^o  be  investigated. 
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3TUDENTS'  CHARACTERISTIC  IKVENTORIES 


Craig  S> 

boy  • 

It.  brown  hair 
green  eyes 
light  skin 
straight  h^r 
light  weight 
short 


Crai 


boy 

blonde  hair  , 
blue  eyes 
tan  skin^ 
8ti;Aight  hair 
light  weight 
average  height 


Alf reio 


boy 

black  hair 
brown  eyes 
tan  skin 
straight  hair 
light  weight 
average  height 


George  B.l  * 

Boy  ^ 
black  hai^ 
brown  eyes 
tan  skin 
wavy  hair 
heavy  weight 
tall 
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George  G. 
boy 

black  hair 
brown  eyes 
dark  skin 
curly  hair 
heavy  weight 
t^l 


Billy 
boy 

blonde  hair 
blue  eyes 
light ^skin 
wavy  hair 
heavy  weight 
short 


Lucille 
girl 

It.  brown  hair 
brown  ^yes 
light  Skin 
wavy  hair 
light  weighty 
short 
f 


Nadlne 
.girl 

black  hair 
brown  eyes 
dark  skin 
wavy  hair 
light  weight 
tair 


Paul 
boy  ^ 

black  hair 
brciwn  eyes 
tan  skin 


Pedrge  B.2 
boy 

black  hair 
brown  eyes 
tan  skinv 


straight  h&ir^  wavy  hair 
light  weight  '  light  weight 
short      >  short 


.Elvia  H> 
girl 

black  hair 
brown  eyes 
tan  skin 
vavy  haj^ 
average  weight 
tall 


Jane 
girl 

black  hair 
bircwn  eyes 
tan  skin 
straight  hair 
heavy  weight 
short 


Marcela 

f  girl 

black  hair 
brown  eyes 
light  skin-^ 
straight  hair 
lighj^-^eig^t 
shcr^ 


Amy 
girl 

blonde  hair 
blue^  eyes 
light  skin 
straight  hair 
heavy  weight 


Yolanda 
girl 

black  hair 
brown  eyes 
tan  skin 
straight  hair 
average  weight 


average  height  short 


Scott  , 
boy 

It.  brown  hair 
brown  eyes 
light  skin 
straight  hair 
heavy  weight 
average  height 


mcheaite 

girl 

black  hair 
brown  eyes 
dark  skin 
curly,  hair* 
heavy  weight 
tall 


Willie 
boy 

black  hair 
brown  eyes 
tan  skin 
curly  hair 
average  weight 
tall 


Joe  ' 
boy 

light  brown  hair 
green  eyes 
light  skin 
straight  hair^ 
light  weight 
short 


